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Some New American 


Radio Telescopes 


O many astronomers, the 1950's will 

be remembered as the decade of an 
explosively rapid expansion in radio as- 
tronomy, when nearly every branch of 
the science was invigorated by the find- 
ings with giant instruments of varied 
designs. An even faster growth in the 
near future is promised by additional 
large radio telescopes just completed or 
under construction in this country. 

On October 7th, the University of 
Michigan dedicated the new 85-foot pa- 
raboloidal radio telescope at its Peach 
Mountain station, 16 miles northwest of 
Ann Arbor. Primarily intended for solar 
research, the 155-ton instrument joins a 
28-foot antenna that has been at work 
there since August, 1957. Being fully 
steerable, the equatorially mounted 85- 
foot dish can track the sun from rising to 
setting. 

This instrument will also be used for 
21-centimeter and other studies of Milky 
Way and extragalactic sources. Many re- 
finements are incorporated, including a 
newly developed broad-band _traveling- 
wave-tube radiometer, representing a 
major advance over other similar re- 
ceivers. It will permit observations to be 
made at wave lengths as short as three 
centimeters. Another feature is a ruby 
maser, a virtually noise-free amplifying 
device. The project has been supported 
by the Office of Naval Research. 

Another 85-foot radio telescope is 
planned to be in operation by June, 
1960, at the University of California’s 
Hat Creek station in the Lassen National 
Forest, in northern California. The 60- 
acre tract, 14 miles southeast of the town 
of Burney, was selected after a five-month 
survey of 30 possible localities. A second 
paraboloidal antenna, 33 feet in diameter, 
is expected to be in use at the same site 
next month. Harold F. Weaver is di- 
rector of the new radio observatory, which 
will cost about $500,000. ONR is pro- 
viding 70 per cent of the amount, and 
will share the operating expenses with 
the University of California. 

Much larger than these instruments is 
the 140-foot dish under construction at 
the National Radio Astronomy Observa- 
tory at Green Bank, West Virginia. On 
page 26 of this issue, NRAO astronomer 
Frank D. Drake reviews the functions of 
radio receivers and explains the im- 
portance of radiometer design in the oper- 
ation of radio telescopes. 

Thirty airline miles away, at Sugar 
Grove, West Virginia, the Naval Radio 
Research Station is constructing the 
largest steerable radio antenna of all, a 
600-foot paraboloid. Although it is de- 
signed primarily for military communica- 
tions research, it will also be used for 
basic astronomical work. 
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ECLIPSE OVER 
NEW ENGLAND 


This series of eclipse 
pictures was taken from 
an airplane by David 
H. Freeman, Massachu- 
setts Institute of Tech- 
nology, aided by John 
S. Robie, Lexington, 
Massachusetts, and John 
A. Griner, Harvard Busi- 
ness School. The plane 
was flying some 120 
miles an hour at 6,500 
to 6,800 feet when these 
pictures were made. 


Dr. Freeman used two 
Leica cameras, with 135- 
mm. lenses and ultravio- 
let filters. One camera, 
containing Kodachrome 
film, was preset for the 
partial phases, and se- 
cured the topmost pic- 
ture, of the thin rising 
crescent before totality. 
The other camera, with 
high-speed Ektachrome 
(ASA 160), took the 
totality shots, the dia- 
mond-ring effect, and 
the early partial phe 
(bottom). 


borne aloft in airliners and small 

private planes, saw the total phase 
of October 2nd’s dawn eclipse in the 
United States. Meanwhile rain, fog, and 
cloudy skies disappointed many thousands 
of ground observers who flocked to shore 
sites north of Boston and inland vantage 
points in Massachusetts and southern New 
Hampshire. 

By 9 o'clock that morning the sun was 
shining brightly at Salem, where 500 ob- 
servers had gathered for the Sky AND 
TELESCOPE eclipse party at the Coast 
Guard Air Rescue Station and the Plum- 
mer Home for Boys. But at 6:50 a.m., 
Eastern daylight time, when the moon’s 
shadow briefly touched New England, 
these travelers from 25 states and five 
foreign countries were standing in a dis- 
mal rain with visibility less than a mile. 
The remnant of Hurricane Gracie, pass- 
ing northward across New York State and 
western New England, was too slow in 
moving out of the eclipse area. No report 
has been received that any ground ob- 
server in North America saw the total 
phase. 

Photography was possible only from the 
air. Probably the highest observer was 
J. Allen Hynek, Smithsonian Astrophysi- 
cal Observatory, who was in a jet trainer 


A T MOST a few hundred observers, 


ZENITH BRIGHTNESS 


FOOT-CANOLES 


TOTAL ECLIPSE OF SUN 
OCTOBER 2, 1959 


6:15 6:30 6:45 7:00 : 7:30 


EASTERN DAYLIGHT TIME 


Observing near Lynn, Massachusetts, Armand N. Spitz, of 
Yorklyn, Delaware, was able to secure this record of the 
changes in zenith brightness on eclipse morning. He used a 
Weston photoelectric photometer, making observations 
every five minutes until near totality. The sudden darken- 
ing experienced by ground observers is shown by the curve, 
as well as the rapid increase in brightness thereafter. When 
the partial eclipse was over, the heavy overcast gave a read- 
ing of about 45 foot-candles. 





A somewhat globular corona is shown by this picture, taken from an American Airlines plane at 21,000 feet by David Wurzel, 
New England picture manager of United Press International Photos. He used a 4-by-5 Speed Graphic with a 15-inch lens, 
exposing 1/125 second on Royal Pan film with no filter. Note the reflection of coronal light from the layer of clouds. 


at 35,000 feet, where the eclipse was “‘per- 
fect, except for a few little streaky clouds.” 
Several airlines sent up large planes, car- 
rying scientists and newspaper photog- 
raphers, some of their pictures being 
shown here and on the front cover. 

One amateur astronomer, David H. 
Freeman, a physical chemist at Massachu- 
setts Institute of Technology, had char- 
tered a plane a month ahead of time, only 
to find it on eclipse morning carefully 
stowed away in a hangar at Bedford air- 
port, behind a large bomber! After some 
hasty searching, he found another plane 
for his small party. Piloted by Frank D. 
Comerford, an instrument flying instruc- 
tor, the twin-engine Apache was among 
the few that succeeded in_ breaking 
through the storm into clearing skies a 
mile or so high. As totality came, they 
saw the moon’s shadow racing across the 
cloud layer below them. 

The city of Boston, within the totality 
zone, was plagued by early morning traffic 
jams as tens of thousands of would-be 
observers sought vantage points. Large 
numbers crowded Lynn Beach, where the 


About 25 times as many observers as in this picture attended the eclipse party 

at Salem, Massachusetts. Here they gaze forlornly across Salem Harbor past the 

lighthouse at old Ft. Pickering, while the rain comes down. Marblehead is 

in the distance. Much photographic and telescopic equipment was set up here, 

including an elaborate array by the Grumman Astronomical Society of Beth- 
page, New York. United Press International photographs. 
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Massachusetts, was one of several amateurs 
who co-operated to make successful radio 
observations of the effects of the eclipse. 
He transmitted an unmodulated, constant- 
intensity 3,820-kilocycle signal, which was 
monitored at Westfield, Massachusetts: 
Ellsworth, Maine; Springfield, Vermont: 
and other points. The Westfield record 
showed a short-lived sharp rise in signal 
strength during totality; other stations re 
ported a broad peak. 

First reports from American observers 
outside the totality zone indicate that 
clouds also interfered with seeing the par- 
tial phases. In New York City, the best 
view came about 7:30 a.m., when some 
one-fourth of the sun’s diameter was cov 
ered by the moon. 

From early information, even parts of 
the highly favored Canary Islands had 
clouds, possibly affecting some expeditions 
adversely. Perhaps the most dramatic view 
of the eclipse was obtained by the crew of 
a jet F-101B Voodoo, which raced the 
moon’s shadow for seven minutes from 
Fuerteventura Island to the African desert 
at a speed of 1,080 miles per hour. During 
the flight, a magnetic tape recorded meas- 
urements of polarization in the sun’s coro- 
na, planned as a test, particularly in the 
infrared, of the presence of synchrotron 
radiation in the outermost solar atmos- 


Above: The total eclipse seen from a 
phere. 


Northeast Airlines plane at 16,000 feet 

by Frank Curtin, an Associated Press 

photographer. He used a Hasselblad 

camera with a 180-mm. lens. Wide 
World photograph. 


Right: A multiple exposure of four 
phases of the partial eclipse, taken 
atop the R.C.A. building in New 
York City. Exposures were made at 
five-minute intervals from 7:25 a.m. 
(bottom to top), 1/1,000 second at f/22 
with an orange filter. Wide World 
photograph. 


(Amateur Telescope Makers of Boston had 
their official station, and thronged to Win- 
throp, Revere, and Cape Ann. On Nahant, 
the American Association of Variable Star 
Observers set up their instruments within 
the grounds of the U. S. Army’s Nike 
rocket base. 

Inland, at Mt. Wachusett, observing 
teams from the Detroit Astronomical So- 


ciety, the Smithsonian Astrophysical Ob- 


servatory, the Boston Museum of Science, 
and the Air Force Cambridge Research 
Center, were stationed. With hundreds of 
other watchers, their pre-dawn hopes were 
raised by breaks in the cloudy mantle, but 
during the crucial moments of totality the 
eastern horizon was completely obscured. 

The party led by Peter A. Leavens, of 
Freeport, New York, arrived at Salem 
early, then decided to search for better 
weather. They found a vantage point 
near Nashua, New Hampshire. During 
totality, which was hidden by clouds, they 
saw the bright sky to the north outside of 
the shadow path. 

Arthur Stockellburg, W1SS, of Lincoln, 
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Reflections 
of a 


Spectroscopist 


Otto STRUVE 


National Radio Astronomy Observatory* 


staff of the National Radio Astrono- 

my Observatory, I have been thinking 
a great deal about some of the questions 
raised at a symposium in Paris last July. 
There, under the same title as this article, 
P. Swings, of the University of Liége, 
made an eloquent appeal to young 
French scientists to develop an interest 
in stellar and nebular spectroscopy, in 
order to take advantage of the fine instru- 
mental facilities now available to them 
at St. Michel Observatory. 

As Professor Swings pointed out, “The 
study of spectra of the celestial objects 
seems to have lost some of its appeal dur- 
ing the past few years, due to the emer- 
vence of accurate photometric methods, 
of radio astronomy investigations, of 
semitheoretical applications of nuclear 
physics, and of such recent developments 
as plasma physics, magnetohydrodynamics, 
and shock waves.” 

Yet, he continued, a large number of 
purely spectroscopic problems remain un- 


Svat my recent appointment to the 





*Operated by the Associated Universities, Inc., 
under contract with the National Science Foundation. 








1 


? 


The dome of the 100-inch Hooker reflector at Mount Wilson Observ- 

atory as it looks today. In use since 1918, for three decades this was 

the world’s largest telescope. Its enormous light grasp particularly 

suits it for spectroscopic work. The room of the high-dispersion 

coude spectrograph is located under the slanting roof, at the 
southern end of the polar axis. 


solved or only partly solved. “Progress in 
our knowledge of the Milky Way and 
other galaxies will, perhaps forever, de- 
pend to a large extent upon special spec- 
troscopic investigations. We would, in 
fact, not have been able to go very far 
in our theories of stellar evolution if it 
had not been for the patient and ad- 
mirable spectroscopic researches carried 
out at Mount Wilson, Palomar, Mc- 
Donald, Lick, Victoria, Haute Provence, 
and elsewhere.” 

Although in turning to radio astronomy 
I am giving up, or at any rate greatly re- 
ducing, my work in optical stellar spec- 
troscopy, my decision is in no sense caused 


The first observatory 
especially devoted to 
spectroscopic studies of 
heavenly bodies. From 
1860 to 1869, William 
Huggins used this 8-inch 
Clark refractor at Tulse 
Hill, England, for visual 
observations of the spec- 
tra of stars and nebulae. 
Huggins in 1868 was the 
first to attempt to meas- 
ure the line-of-sight ve- 
locities of stars. From 
H. C. King, “The His- 
tory of the Telescope.” 


by loss of interest in this field. It is one 
of the most rewarding branches of scien- 
tific endeavor, and I would like to urge 
young astrophysicists to choose it for their 
careers. 

My first exposure to the marvels of 
stellar spectra occurred just 40 years ago. 
As a student at the University of Kharkov 
in Russia, I was taking an astrophysics 
course given by B. P. Gerasimovich, who 
had just returned after participating for 
several years in A. A. Belopolsky’s spectro- 
graphic investigations at Poulkovo Ob 
servatory. Dr. Gerasimovich had brought 
back with him a series of spectrograms ol 
different stars. He used these to teach 
his students the technique of measuring 
radial velocities. 

My studies were interrupted by the 
civil war in Russia, and I was only able 
to resume them after arriving at Yerkes 
Observatory in October, 1921, as a gradu 
ate student and assistant in stellar spec- 
troscopy to director E. B. Frost. I re- 
member vividly how he told me that the 
measurement olf stellar radial velocities 
was the most exciting, gratifying scientific 
occupation he had ever known! 

Forty years ago the application of Dop- 
pler’s principle to astronomy was still 
fairly new. Many astronomers then living 
had personally known Huggins, Vogel, 
and other pioneers in the measurement 
of the line-of-sight motions of stars, and 
could recapture the almost mystical de- 
light brought by this great scientific ad- 
vance. Frost, Belopolsky, W. S. Adams, 
J. S. Plaskett, and W. W. Campbell be- 
longed to that period. But to me, of a 
later generation, the excitement that these 
men felt was foreign: I recognized the 
great importance of determining radial 
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velocities of stars, but the application of 
Doppler’s principle to astronomy seemed 
an old story. 

Perhaps today many young astronomers 
regard the more recent developments of 
stellar spectroscopy in the same light. Yet, 
I have experienced the same kind of 
exhilaration as did Frost in his radial 
velocity work, for I have witnessed enor- 
mous advances, such as A. S. Eddington’s 
proof that sharp absorption lines of 
ionized calcium and neutral sodium can 
be produced in interstellar space; M. N. 
Saha’s theory of excitation and _ ioniza- 
tion, and its extension by H. N. Russell, 
E. A. Milne, and others; Cecilia Payne 
Gaposchkin’s application of this theory to 
stellar spectra; A. Unséld’s derivation of 
abundances of chemical elements in the 
atmospheres of stars, and many more. 

But this very feeling comes in other 
ways. Ever since obtaining my first stellar 
spectrogram with the 82-inch telescope 
at McDonald Observatory, I have not 
spent a night observing there, or during 
the past nine years at Mount Wilson, 
without experiencing excitement and an- 
ticipation. Never have I returned from 
an observing visit at either place with- 
out some new and usually unexpected 
features on some of my spectrograms. 
The predicted characteristics were not 


always there; the unexpected ones made 
every spectrogram a potential gold mine! 

To achieve important results it is neces- 
sary, as Swings said, “to keep abreast of 
all technical advances, and all new theo- 
retical developments. . The spectros- 
copist must first seek to increase the 
range of wave lengths he can cover, and 
to shorten the time required to record 
a spectrum by increasing the sensitivity 
of his receivers.” Although many im- 
portant spectroscopic problems can be 
attacked with relatively small reflectors 
and simple, medium- or small-dispersion 
spectrographs, the scope of the work may 
be so limited that frustration might de- 
stroy the investigator’s initiative. 

I experienced this frustration at Yerkes. 
The combination of the 40-inch refractor 
and a very old spectrograph, employing 
three 60-degree prisms of optically dense 
glass, allowed me to reach stars no fainter 
than 4th or 5th magnitude with a linear 
dispersion of 10 angstroms per millimeter. 
Today, a 60-inch parabolic reflector and 
a modern grating spectrograph, with a 
range of dispersions between 10 and per- 
haps 75 angstroms per millimeter, should 
normally be regarded as the minimum 
instrumental requirement, except for such 
spectral classification programs as _ those 
undertaken by W. W. Morgan and P. C. 





The 82-inch reflector of McDonald Observatory on Mt. Locke, Texas, was com- 

pleted in 1939. This fine instrument has been very effective for astrophysical 

observations. Note the counterweight close to the northern pier, as well as the 
observing platform in the background. 
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Edwin B. Frost (1866-1935), second 
director of Yerkes Observatory, devoted 
his entire career to stellar spectra. From 
his autobiography, “An Astronomer’s 
Life,” Houghton Mifflin Co., 1933. 


Keenan, or by D. Chalonge in France. 

Photographic procedures are still good 
for many problems, but the spectroscopist 
should try to develop other methods. B. 
Strémgren has been very successful in 
measuring the intensities of absorption 
lines using a photoelectric photometer 
with narrow-transmission-band filters. At 
Mount Wilson, a promising method of 
scanning spectra has been developed by 
L. Spitzer, Jr., and his collaborators, and 
a somewhat different technique by O. C. 
Wilson and J. B. Oke. 

Spectroscopists can profitably exploit 
and improve the image-tube methods of 
A. Lallemand, W. A. Baum and J. S. 
Hall, or W. A. Hiltner. Because the 
image tube promises to reduce the time 
required for recording the spectrum of 
even a faint star to minutes or seconds, 
this device should be well suited for ob- 
serving certain very rapid changes in stel- 
lar spectra. I have described some of 
these short-lived events in my article on 
Nova Herculis in the July issue, and the 
one on flare stars in September. 

A problem of this nature that has 
intrigued me for many years is in con- 
nection with the famous eclipsing binaries 
U Cephei and U Sagittae, when only a 
narrow crescent of the early-type com- 
ponent is unhidden just before or after 
totality. My McDonald spectrograms show 
during these brief intervals extraordinary 
changes in the absorption lines of the 
star undergoing eclipse. But the exposure 
times were too long to record the changes 
without serious contamination by the 
light of the late-type subgiant producing 
the eclipse. The use of image-tube tech- 
niques should be especially profitable in 
this case. 

















Professor Swings also recommends ef- 
forts to observe with reasonably high 
dispersion the infrared spectral region 
between one and 15 microns. In addition, 
he would like to see someone try M. 
Czerny’s evaporograph technique, in 
which long-wave radiation is detected by 
its heating effect upon some highly volatile 
material, such as a very thin film of cam 
phor. Others should attempt to bridge 
the gap between the optical infrared, 
which extends to about 15 microns, and 
the present short-wave limit of ground- 
based radio telescopes at about two or 
three centimeters. This will, of course, 
require a radio instrument located in a 
satellite above the ionosphere, a region 
which is opaque in the range of wave 
lengths mentioned. 

Satellite instruments should soon be 
informing us of the appearance of stellar 
spectra at wave lengths shorter than 3000 
angstroms. Preliminary calculations by L. 
Aller indicate, however, that in the far 
ultraviolet the absorption lines of the 
Lyman series of hydrogen and the Lyman 
continuum, both produced by interstellar 
atoms, may be so strong that even the 
nearest stars will be invisible at wave 
lengths below 1300 angstroms. But there 
should be much to learn from spectra be- 
tween the first line in the Lyman series 
— Lyman alpha — and the present ultra- 
violet limit imposed by our atmosphere 
at about 3000 angstroms. 

It was a revelation to most spectros- 
copists when recent solar spectrograms 
that were obtained by the Naval Research 
Laboratory (Sky AND TELESCOPE, July, 
1959, page 496) turned out to be full of 
emission lines in the far-ultraviolet region. 
After this discovery had been made, it 
was easy to explain the phenomenon, but 
to my knowledge no one had clearly 
predicted a similarity between the solar 





This two-prism spectrograph is used at 

the Cassegrainian focus of the 82-inch 

McDonald reflector pictured on the 
facing page. 
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Spectral differences between giant and dwarf stars are shown in these spectro- 
grams by W. W. Morgan, Yerkes Observatory. The upper spectrum in each 
pair is that of the giant. In the two B4 stars, Chi Aurigae has much sharper 
hydrogen lines than the dwarf Eta Aurigae. There is a similar contrast between 
the spectra of Alpha Cygni (Deneb) and Lambda Ursae Majoris. Ionized 
strontium lines are stronger in Zeta Capricorni than in the sun. 


spectrum from 1500 to 2500 angstroms 
and the emission-line spectra of such stars 
as Z Andromedae at the usual photo- 
graphic wave lengths. 

Perhaps the most exciting problem in 
stellar spectroscopy today is the determi- 
nation of abundances of chemical eie- 
ments in the atmospheres of stars. We 
now realize that these abundances are 
not the same in all stars, and many of the 
more striking differences have been at- 
tributed to evolutionary processes. But I 
believe that we are beginning to wonder 
whether chemical abundances are exactly 
the same in any two stars. 

It is true that the spectrum of the 
sun can be quite closely matched by 
spectra of a large number of other stars 
of similar surface temperature and lumi- 
nosity. This resemblance is partly due to 
the multitude of absorption lines pro- 
duced by atoms of neutral iron, which 
are prominent features in the spectra of 
stars like the sun. But on examining the 
lines of other, less common elements, we 
almost always find small differences, often 
too delicate for visual discrimination on 
the spectrograms, and detectable only 
by refined spectrophotometric techniques. 
When photography has been replaced by 
photoelectric scanning, a large field of 
study will be opened, and every star, 
even the brighter ones, will probably re- 


veal remarkable differences in composi- 
tion. 

To illustrate what has already been 
achieved with spectra of relatively small 
dispersion, let me describe some work 
on differences in chemical composition 
among stars of spectral classes F to K. 
This material has been adapted from a 
chapter by Margherita Hack of Merate 
Observatory, Italy, in a forthcoming joint 
textbook on stellar spectroscopy. 

In 1950 and 1952, Nancy G. Roman 
published a study of several hundred stars 
of spectral classes F4 to K5. These were 
divided into two nearly equal groups 
according to whether the absorption lines 
of metals appeared to be weak or strong. 
This was followed by P. Wellmann and 
Miss Hack’s finding that in the stars with 
weak lines the molecular band due to CH 
is more intense than in strong-line objects. 

The weak-line and strong-line stars 
show other differences. Because metallic 
absorption lines tend to be more numer- 
ous in the violet region than in the green 
and yellow, we should expect weak-line 
stars to show less “blanketing’” of the 
violet continuous spectrum, and they 
should appear bluer than strong-line stars 
of similar spectral types. Miss Hack finds 
that this is apparently the case. 

Miss Roman had also noticed that the 
weak-line stars usually have much larger 
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Rapidly rotating stars can be recognized by their widened spectral lines, as 

illustrated by these spectrograms of two double stars. In each pair, the brighter 

component (labeled A) is rotating faster than the fainter star (B), which con- 

sequently has sharper lines. Otherwise, the spectra are similar. In ADS 8257, 

the primary has an axial rotation of perhaps 100 kilometers per second. Mount 
Wilson spectrograms by the author. 


space motions than those with strong 
lines. She did not use space motions as 
a criterion for attributing the stars to 
one or the other group. Martin and 
Barbara Schwarzschild, on the other hand, 
investigated spectra of stars selected by 
their kinematical properties. Similar 
studies have been made by J. L. Green- 
stein and Keenan, and by the latter and 
G. Keller. All of their results, while dif- 
fering in details, were quite consistent 
with the previous work. 

Apparently, in this range of spectral 
types there are three groups of stars. In 
one, the metal abundances are somewhat 
larger (about two times) than in the 
“normal” group; in another they are 
slightly smaller. In the latter group, ab- 
sorption bands of CH and perhaps CN 
are relatively strong. ‘These weak-line 
stars are often identified with Population 
II, while “normal” and strong-line stars 
belong to Population I. 


Is there a sharp distinction between 
these groups? Apparently not. Miss Hack 
says that although “‘there is a strong cor- 
relation between spectroscopic featurcs 
and kinematical properties, there are some 
high-velocity stars which do not show 
spectroscopic peculiarities, and there are 
also low-velocity stars that do.’’ She there- 
fore believes that there is a continuous 
range of chemical compositions from 
conspicuously low abundances of elements 
heavier than hydrogen to noticeably high 
abundances of the same elements. This, 
in turn, might mean that among the stars 


of spectral types F5 to K5 all ages are rep- 
resented, from the oldest, Population II 
with extreme weak-line character, to the 
youngest, Population I with very strong 
lines. 

Such a diversity in the ages of main- 
sequence stars is not unexpected. The 
oldest were formed when the interstellar 
medium contained mostly hydrogen and 
few metallic atoms. The youngest were 
created after the interstellar gas had been 
enriched with heavy elements by the es- 
cape of matter from supergiants, novae, 
and supernovae. However, a marked dif- 
ference in the ages of giants is not so 
easily explained. There is every reason 
to believe that giants in a galactic cluster 
like the Hyades are younger than those 





in a globular cluster or a very old galactic 
cluster, such as M67. But it is not yet 
certain that we can directly correlate 
spectroscopic features of giants in the 
general field of the Milky Way with their 
ages. 

Some of the most recent work on chem- 
ical abundances, based upon the _ best 
existing spectrograms from Mount Wilson 
and Palomar Observatories, has been pub- 
lished in the March and May, 1959, issues 
of the Astrophysical Journal. G. Waller- 
stein and H. L. Helfer find that two G- 
type stars in the Hyades cluster have the 
same abundances (within 25 per cent) as 
the sun for sodium and nine heavier ele- 
ments. Barium may be slightly over- 
abundant, as a result of element building 
in the stellar interiors. But these results 
indicate that, in general, between the 
time that the sun was formed (five bil- 
lion years ago) and the origin of the 
Hyades (one billion years ago), there has 
been little, if any, change in the composi- 
tion of the interstellar medium. 

On the other hand, extremely old Popu- 
lation-II_ stars show marked metal de- 
ficiencies compared to the sun and young- 
er objects. Helfer, Wallerstein, and 
Greenstein have studied two globular- 
cluster giants and ene high-velocity giant 
star not belonging to a cluster (HDE 
232078), the metal deficiency factor being 
20 in two cases and at least 100 in the 
third (a star in M92). A K-type giant in 
the relatively young galactic cluster M41 
(about a hundred million years old) gave 
roughly the same abundances as the sun. 
In the old, high-velocity star 85 Pegasi, 
a visual double, the elements from sodium 
upward are less abundant than in the 
sun by factors of three to nine. 

These are challenging studies. Persons 
not acquainted with the many observa- 
tional and theoretical difficulties involved 
in these determinations may be surprised 
that the results are so uncertain. The 
reason is not imperfect observations and 
measurements, but the complex process 
of ascertaining the excitation and ioniza- 
tion of the stellar atmosphere, as well as 
its turbulence, before the atomic abun- 
dances themselves can be computed. 





e Fe Fe 


Spectra of four K-type giant stars showing differences in chemical composition. 
At the top, a star in the galactic cluster M41 has much stronger metallic lines 
than does the high-velocity star HDE 232078 or two stars in the globular 
clusters M13 and M92. The hydrogen-gamma line is similar in the four cases, 
but there is great weakening of the ionized scandium, iron, and ionized titanium 
lines in the lower spectra. These Palomar spectrograms by H. L. Helfer, G. 
Wallerstein, and J. L. Greenstein, are courtesy the “Astrophysical Journal.” 


10 Sky anp TELEscopeE, November, 1959 














——@- 


OBSERVING THE SATELLITES 


ToUCHING THE Moon 


yim first man-made object to reach the 
surface of the moon was the Soviet 
space probe that landed on September 
13th at 21:02:23 Universal time. The 
860-pound spherical instrument package 
and the 3,33l-pound final-stage rocket 
both struck the target, according to Soviet 
tracking data. 

Despite the incompleteness of informa- 
tion about this historic operation, the 
ereat accuracy with which it was per- 
formed is evident. For a probe to strike 
the moon after about 35 hours of flight, 
the speed of the final stage at burnout 
must be within 200 feet per second of an 
intended value of approximately 35,700 
feet per second. Furthermore, the tra- 
jectory after burnout may not differ by 
more than half a degree from an angle 
of 12 degrees with the horizontal. In 
addition, since the earth is a rotating 
platform, actual launching has to occur 
within a fraction of a minute of the 
predetermined moment, unless course cor- 
rections are possible during flight. The 
success of Lunik II shows that these 
stringent requirements were met. 

Very little has been announced con- 
cerning the multistage rocket itself. From 
the weights of the last stage and instru- 
ment package, it is evident that at least 
half a million pounds of rocket-engine 
thrust had been employed. 

Inside the probe were radio transmit- 
ters, operating at three frequencies of 
19.993, 39.986, and 183.6 megacycles. 
When the probe was so close to the moon 
that it was being speeded up by lunar 





gravity, observers at the 250-foot Jodrell 
Bank radio telescope in England noted 
the expected Doppler change in signal 
frequency. The signals ceased abruptly 
at 21:02:24 UT. With an allowance of 
11 seconds for the time of transmission 
from the moon, the impact time was only 
83 seconds later than the predicted 21:01, 
announced many hours earlier by Soviet 
scientists. This close agreement is an 
indication of the great accuracy of the 
early tracking from which the forecast 
was made. American and Japanese radio 
observers also reported successful track- 
ing operations, but the moon was below 
the horizon for practically all of the 
United States at the moment of impact. 
Like the earlier Russian lunar probe 
of January 2, 1959, which missed the 
moon and entered into orbit around the 
sun, the September capsule ejected a 
cloud of luminous sodium vapor, at 18:39 
UT on September 12th. Seen from the 
earth, at a distance of less than 100,000 
miles, the short-lived “artificial comet” 
was located at right ascension 20° 41”, 
declination —7°.2. At the time, this part 
of the sky was unobservable in America, 
but the luminous cloud was photographed 
at six or more Soviet observatories. 
There appears to be no hope whatever 
of recognizing the impact crater on the 
moon caused by the fall of the probe. 
According to G. P. Kuiper, the craterlet 
would be only about 100 feet in diameter 
and with walls 10 feet high, thus lost 
among the multitudes of tiny uncharted 
pits that dot the lunar surface. The dust 
cloud thrown up by the impact might 
have been detectable. Press accounts of 


The Vanguard III pack- 
age being fitted to satel- 
lite launching vehicle 7 
at the Atlantic Missile 
Range, Cape Canaveral, 
Florida, by R. J. Andry- 
shak (left) and D. R. 
Corbin, both of the Na- 
tional Aeronautics and 
Space Administration. 
The satellite was instru- 
mented to measure the 
earth’s magnetic field, 
solar X-rays, and other 
conditions in space, such 
as numbers of meteoritic 
particles. This was the 
last ascent in the Van- 
guard program. 


a cloud lasting 58 minutes that was seen 
by a Hungarian watcher are probably er- 
roneous, as any dust would have fallen 
back much sooner, lacking the support 
of an appreciable lunar atmosphere. De 
tails are unavailable concerning the pho 
tographs said to have been taken at Lvov 
Observatory in Russia, showing a cloud 
immediately following impact that had 
not been recorded just before it. 

According to the Soviet news agency 
Tass, analysis of the radio tracking data 
indicated that the point of fall was in 
the vicinity of the craters Archimedes, 
Aristillus, and Autolycus, at selenographic 
latitude +30°, longitude 0°. (The ex- 
tent of uncertainty was not indicated.) 
This conclusion was based in part on the 
readings of a “lunar altimeter,” pre- 
sumably a radar device whose findings 
were telemetered to earth on the 183.6- 
megacycle channel. 

Some preliminary results have been an- 
nounced from the data telemetered by 
the probe. No indication of a lunar mag- 
netic field was found, within the limits 
of sensitivity of the magnetometer in the 
instrument capsule. Measurements of 
cosmic ray flux were made along the 
flight path, in which nuclei of helium, 
carbon, nitrogen, oxygen, and heavier 
elements were counted. 


Vancuarp III 


HE LAST of the Vanguard series of 

artificial satellites, begun as an Ameri- 
can contribution to the International 
Geophysical Year, was successfully in- 
jected into a low-inclination orbit on 
September 18th at 5:29:45 Universal time, 
from Cape Canaveral, Florida. This 
launching was sponsored by the National 
Aeronautics and Space Administration, 
which had taken over the Vanguard pro- 
gram from the Office of Naval Research 
a year ago. 

The hour of launching favored optical 
observations in the evening sky from 
northern middle latitudes, and many 
early Baker-Nunn photographs and Moon- 
watch sightings were made. To most 
visual observers, satellite 19597 appeared 
as bright as a 7th-magnitude star. 

During its initial revolutions around 
the earth, the satellite had an anomalistic 
period (counted from one perigee passage 
to the next) of 130.19 minutes. It rose 
to 2,330 miles above the earth’s surface 
at apogee, and descended to 318 miles at 
perigee, moving in an orbit inclined 334 
degrees to the equator. The orbital 
characteristics indicate a lifetime of more 
than 40 years for 19597. 

The 100-pound satellite consists of a 
20-inch spherical instrument package, 
bearing a 26-inch-long conical snout, and 
the unseparated 50-pound _ final-stage 
rocket. The fiberglass case of the last of 
the three stages was intentionally left 
attached to the instrument compartment, 
in order to minimize tumbling. (When 
the cloud-cover satellite Vanguard II was 
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The components of Vanguard III. At the left are the battery packs and battery compartment lid; next, the lower three- 

quarters of the satellite’s magnesium shell; battery pack tie rods; turn-on plugs controlling transmitter; battery gas relief 

valve; magnetometer electronics; magnetometer tube and upper quarter of satellite shell; X-ray and environmental elec- 

tronics and tracking transmitter (sitting atop part of internal structure). In the foreground of the two electronics packages 
are internal equipment clamps. The pictures are from the National Aeronautics and Space Administration. 


sent up on February 17, 1959, separation 
of the final stage gave the sphere a wob- 
thereby making its photoelectric 
scannings dificult to interpret.) The 
power supply of 19597 consists of 62 
silver-zinc batteries, weighing 22} pounds 
in all, which are expected to function for 
about 90 days, this depending on tem- 
perature conditions. 

One major Vanguard III experiment is 
the measurement of the earth’s magnetic 
field with a new apparatus. The mag- 
netometer is carried at the tip of the 
26-inch cone, which is made of fiberglass 
bonded with phenolic resin, so that the 


ble, 


sensor is separated from the metal parts 
and magnetic fields in the sphere. 

In the operation of this device, com- 
mand from a ground station causes a 
6}-ampere magnetizing current to flow 
for two seconds through a copper coil that 
surrounds a container of liquid hexane. 
The strong magnetizing field lines up 
the spin axes of the protons in the hex- 
ane, and this orientation tends to persist 
for a few seconds after the current is 
turned off. During the decay of this 
alignment, terrestrial magnetism imposes 
a precession upon the protons, thereby 
inducing a weak current in the copper 


coil. After 
precession 


amplification, this proton- 
current is telemetered to 
ground. Eight Minitrack have 
similar magnetometers, for simultaneous 
observations at the earth’s surface. Field 
strengths as low as 10 gammas (0.0001 
gauss) can be measured with this equip- 


stations 


ment. 
Another purpose of Vanguard III is to 
measure solar X-rays that accompany 


flares. A pair of ion chambers, for detect- 
ing 1-to-10-angstrom radiation, are con- 
nected to memory circuits which store 
the count during a full orbital revolution 
and then telemeter the data. The count 
restarts when a photocell observes the 
emergence of the satellite from eclipse 
inside the earth’s shadow into sunlight. 
In addition, the X-ray detectors con- 
tinuously transmit their information to 
allow detailed study of rapid changes. 
Four different methods of detecting 
meteoritic particles are included in the 
satellite. The erosion of three chromium 
strips by bombardment is measured 
through changes in electrical resistance. 
The second method employs a cadmium- 
sulfide photocell behind an _ opaque 
screen of mylar and aluminum; when an 
impact punctures the screen, light pass- 
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ing through the hole is detected by the 
cell. In addition, there are four micro- 
phones listening for impacts. Lastly, two 
pressurized tanks girdle the sphere, cov- 
ering about 20 per cent of its area. A 
differential pressure gauge indicates punc- 
ture of one or both tanks by larger inter- 
planetary particles. 

The entire array of scientific apparatus 
in the satellite, exclusive of batteries and 
supporting structures, weighs only 83 
pounds. 


First Two YEARS 
OF THE SPACE AGE 


CTOBER 4th marked the second an- 

niversary of the first successful 
launching of an earth satellite. The table 
on the following page lists all known at- 
tempts to send scientific payloads into 
space. This listing is incomplete, for the 
Soviet Union has not revealed its unsuc- 
cessful launching attempts. 

In four firings, a total of seven major 
objects launched by the Russians have en- 
tered orbits around the earth, and two 
long-range probes have been sent aloft. 
The United States has made 33 attempts, 
12 of which have put 15 major objects in 
orbit, and of five deep-probe launchings, 











SATELLITE AND PROBE LAUNCHINGS DURING THE FIRST TWO YEARS OF THE SPACE AGE 


Launched Nation 


1957 Oct. 4 R Sputnik I — 1957a2 


Nov. R Sputnik II — 19578 
Dec. 6 A Vanguard 
1958 Feb. 1 A Explorer I — 1958a 
Feb. 5 A Vanguard 
Mar. 5 A Explorer II 
Mar. 17 A Vanguard I — 195882 
Mar. 26 A Explorer III — 1958y 
Apr. 28 A Vanguard 
May 15 R Sputnik III — 1958682 
May 27 A Vanguard 
June 26 A Vanguard 
July 26 A Explorer IV 1958: 
Aug. 17 A Lunar probe 
Aug. 24 A Explorer V 
Sept. 26 A Vanguard 
Oct. . fl A Pioneer I 
Oct; 23 A Beacon 
Nov. 8 A Pioneer II 
Dec. 6 A Pioneer III 
Dec. 18 A Atlas-Score — 1958¢ 
1959 Jan. 2 R Mechta — Artificial Planet 1 
Feb. 17 A Vanguard II — 1959al 
Feb. 28 A Discoverer I —- 19598 
Mar. 3 A Pioneer IV — Artificial Planet 2 
Apr. 13 A Discoverer II — 1959y 
Apr. 13 A Vanguard 
June 3 A Discoverer III 
June 22 A Vanguard 
June 25 A Discoverer IV 
July 16 A Explorer 
Aug. 7 A Explorer VI 195982 
Aug. 13 A Discoverer V — 1959 
Aug. 15 A Beacon 
Aug. 19 A Discoverer VI — 1959¢ 
Sept. 12 R Lunik IT 
Sept. 17 A Transit I 
Sept. 18 A Vanguard III — 1959» 
Oct. 4 R Lunik ITI 


Name and Designation 


Status 
Down about Jan. 4, 1958 


Down April 14, 1958 
No orbit 
In orbit 
No orbit 
No orbit 
In orbit 


Down late June, 1958 
No orbit 
In orbit 


No orbit 

No orbit 

In orbit 

Failed 

No orbit 

No stable orbit 


High trajectory 

No orbit 

Failed 

High trajectory 
Down Jan. 21, 1959 


Solar orbit 
In orbit 


Down early March, 1959 
Solar orbit 


Down Apr. 26, 1959 
No orbit 

Probably no orbit 
No orbit 

No orbit 

No orbit 


In orbit 


Down Sept. 28, 1959 
No orbit 

In orbit 

On moon 


No orbit 
In orbit 
In orbit 


Notes 


Last radio signal Oct. 27, 1957. Rocket, 1957al, 
down Dec. 1, 1957. 

Last radio signal Nov. 10, 1957. 

First-stage malfunction. 

Radio silent May 23, 1958. 

First-stage control malfunction. 

Fourth-stage ignition failed. 

Solar-powered radio still operating. Rocket, 195881, 
in orbit. 

Radio silent June 16, 1958. 

Relays for third-stage ignition failed. 

Solar-powered radio still operating. Rocket, 195881, 
down Dec. 3, 1958. 

Second-stage cutoff at wrong orientation. 

Second-stage cutoff premature. 

Radios silent Sept. 9 and Oct. 6, 1958. 

First-stage malfunction. 

Midflight collision of separated stages. 

Second-stage thrust low. Probably completed one 
revolution. 

Reached 70,700 miles from Earth. 

Payload separated from booster before burnout. 

Third stage failed to ignite. 

Reached 63,580 miles from Earth. 

Radio silent Jan. 13, 1959. 

443-day period. Radio contact to 373,125 miles. 
Rocket also orbiting. 

Radios silent Mar. 15, 1959. Rocket, 1959@2, in 
orbit. 

Radio malfunction. 

407-day period. Radio contact to 407,000 miles. 
Rocket also orbiting. 

Last radio signal Apr. 21, 1959. 

Second stage caused tumbling. 

No telemetry after second-stage firing. 

Pressure valve in second stage caused failure. 

Insufficient second-stage velocity. 

Power supply for guidance failed. Destroyed by 
safety officer. 

Solar-powered radio still operating. Rocket, 195951, 
in orbit. 

Radio frequencies undisclosed. 

Booster fueling failed; orientation wrong. 

Radio frequencies undisclosed. 

Radios ceased operation upon lunar impact Sept. 
13, 1959. Final stage also on moon. 

Third stage failed to fire. 

Radios operating. 

Radios operating. Rocket also in orbit. 


This table is compiled largely from information supplied by the National Aeronautics and Space Administration. Under Nation, A desig- 
nates American launchings; R, Russian. The U. S. S. R. has not released information on unsuccessful attempts. Dates are in Universal time. 


three have returned useful information. 


a joint operation with the Americans. 


about 4,400 miles, at 14:16 Universal time 
on October 6th. 


Our American space programs have re- 
cently been reorganized. The military 
work, in the hands of the Advanced Re- 
search Projects Agency since February 7, 
1958, has now been largely assigned to the 
Air Force, giving it responsibility for de- 
veloping, producing, and launching mili- 
tary space vehicles. Project Midas, for 
infrared detection of ballistic missiles, and 
Project Samos, a satellite reconnaissance 
system, are also under Air Force control. 
The Navy will supervise development of 
an orbiting navigation system under Proj- 
ect Transit, and the Army will handle 
Project Notus, a satellite communication 
system. 

The NASA has been responsible for the 
civilian space program since October 1, 
1958. Important in this agency’s plans is 
a series of spaceflight vehicles: Delta, 
Scout, Vega, Centaur, and Nova, progres- 
sively scaled to larger and heavier space 
missions. When Scout is ready, perhaps 
in mid-1961, three British scientific satel- 
lites, now being developed by 10 teams in 
the United Kingdom, will be launched in 


The 1960 fiscal budget of the United 
States’ space effort amounts to about 800 
million dollars, of which more than 500 
million is allocated to NASA. 


‘TRANSLUNAR ORBIT 


ARLY on October 4th, exactly two 

years after the first Sputnik launch- 
ing, Soviet scientists sent a 614-pound 
satellite into an immensely elongated 
trajectory past the moon, in company 
with the 3,424-pound final stage of the 
carrier rocket. While few of the details 
had become available at the time of writ- 
ing, it was claimed by a Russian an- 
nouncement that the satellite is moving 
around the earth in an orbit for which 
the apogee distance is 292,000 miles and 
the perigee distance about 25,000 miles. 
The corresponding period of revolution 
is about 14 days. 

Presumably the final-stage rocket, which 
also carries a payload of 345 pounds of 
instruments and batteries, is traveling in 
a similar orbit. An earlier Soviet report 
gave the closest approach to the moon as 
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As seen from the moon, the satellite’s 
path was a hyperbola, as the velocity was 
too great to allow capture by the moon. 
If, as seems probable, the probe crossed 
the lunar orbit before the moon arrived 
at the intersection point, then the probe’s 
motion would be decelerated, shrinking 
its orbit and shortening the period. (The 
reverse effects would have occurred if the 
moon arrived first.) 

If the orbit is actually an ellipse of this 
character, it will be subject to major 
changes, as the perturbations by the Junar 
and solar attractions can be very large. 
While predictions for such a probe offer 
many complications, its orbital motion 
will be of considerable interest to astron- 
omers in the field of celestial mechanics. 
Because the probe carries solar batteries 
as well as chemical ones, its radio trans- 
missions, at 39.986 and 183.6 megacycles, 
should permit tracking for a long time. 

MARSHALL MELIN 
Research Station for Satellite Observation 
P. O. Box 4, Cambridge 38, Mass. 
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Auroral rays diverging from the observer’s zenith form a corona 
during the display of September 3rd, photographed at Sandwich, 
Illinois, by Nicholas Liepins at 10:16 p.m. Central standard time. 
The exposure was one minute, at f/2 on Tri-X film. At bottom 
center the stars of Delphinus are bright, while Epsilon Cygni is 


in the upper right. 


MATEUR ASTRONOMERS from 
A coast to coast witnessed a spectacular 

aurora] storm on the night of Sep- 
tember 3-4, 1959. Auroral activity on a 
much smaller scale was observed on the 
following nights, but these weaker dis- 
plays ended by midnight. 

Solar observers noted increased activity 
on the sun three days prior to the north- 
ern lights. Sunday, August 30th, Howard 
C. Colton, of Fairport, New York, ob- 
tained the accompanying photograph, 
which shows a large number of sunspots 
and faculae. 





Pronounced activity on 
the sun, indicated by 
the number of sunspots 
and faculae, preceded 
the widespread auroral 
display. This picture 
was taken on August 
30th by Howard C. Col- 
ton, using Kodak Auto- 
positive film, at the 
prime focus of his 6-inch 
f/15 telescope. 
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The Great Aurora 
of Early 


September 


The duration and intensity of the Sep- 
tember aurora varied with the locality, 
the shortest displays being reported from 
central and western sections of the coun- 
try. The most distant observer was Alan 
McClure, who had set up cameras on Mt. 
Pinos, about 75 miles northwest of Los 





Angeles, California, to photograph Comet 
Alcock 1959f. He saw auroral activity at 
7:40 p.m. and 12:35 a.m. Pacific standard 
time. 

A long and detailed log of the event, as 
it appeared from Eightyfour, Pennsylva- 
nia, was kept by 15-year-old David R. 
Kaiser, from 10:30 p.m. to 4:00 a.m. East- 
ern standard time. He first noted a large 
rayed arc, blue-green in color, stretching 
from the western to the eastern horizon. 
In shape it resembled a huge rainbow. 

Changes came rapidly, according to 
Mr. Kaiser. At 10:40, a beautiful green 


Compare this picture of the auroral 
corona with the one at the top of the 
page, taken 14 minutes earlier, both in 
[llinois. Elmhurst amateur James M. 
Hyer used an exposure of 25 seconds, 
at f/2.8 on Plus-X film. The stars of 
Delphinus can be identified near the 
bottom in this picture, too. 











coronal aurora formed near the zenith, 
where pulsating rays from all four quad- 
rants converged. Five minutes later, the 
corona dimmed and became whitish. In 
the west he saw a low glow, with a red 
ray rising from it 70 degrees up the sky. 
Northward, a rayed arc extended to the 
zenith, while in the south and west a 
short-lived ray bundle reached to 10 de- 
grees of overhead. 

The corona had vanished completely by 
10:53, and all that remained was a rayed 
arc, covering the west, north, and east. 
This showed waves of light, traveling up- 
ward and from east to west. At exactly 
11 o'clock this ceased, and a new rayed 
arc formed in the north, its western end 
doubled. Flaming aurora appeared in the 
east, varying from red to green, and pul- 
sating in brightness. 

As the Pennsylvania amateur continued 
his watch, he observed a sudden increase 
in auroral activity 12 minutes later, the 
rayed arc rising to an altitude of 75 de- 
grees and changing to a brilliant red. At 
11:20 a corona appeared nearly overhead, 
brightest on the north and with a gap on 
its southern side. This green corona dis- 
appeared five minutes later, leaving an 
arc in the north and west, from which rose 
a pulsating sheaf of rays. Still another 
brilliant green corona formed at 11:30 
and grew larger. From it diverged red 
rays toward the four points of the com- 
pass. Ten minutes later this spectacular 
complex was nearly gone, the most con- 
spicuous feature being a rayed arc in the 
northern sky. 

Thereafter auroral activity lessened. 
From 2 to 3:45 a.m., Mr. Kaiser saw only 
a glow in the north that shrank progres- 
sively until by 4 o’clock it was completely 
gone. But an hour earlier, in Pittsburgh, 
Pennsylvania, W. A. Feibelman had re- 
sumed observing the aurora after a rest of 
three hours, to find the whole northern 
sky lit up with waves and rays of intense 
green color. He finally lost the declining 
aurora in the dawn light. 

The following amateurs also described 
the September display, including the dis- 
tinctive coronal activity: L. E. Reinagel, 
Kenmore, N. Y.; D. Czarick, Pottstown, 
Pa.; R. R. Zappala, Cleveland, Ohio; J. 
Stamm, Jr., Akron, Ohio; J. M. Hyer, A. 
Stewart, F. Mraz, and J. A. Marshall, Elm- 
hurst, Ill.; N. Liepins, Sandwich, IIl.; R. 
Spaulding, Royal Oak, Mich.; G. R. 
Peters, Detroit, Mich.; D. G. and R. J. 
Airhart, Toronto, Canada. 

Other reports were submitted by A. 
Moehrke, Poughkeepsie, N. Y.; D. Della 
Pietra, E. Rochester, N. Y.; L. Rick, 
Lorain, Ohio; G. Hunter, Ann Arbor, 
Mich.; J. P. Hyde, Elkader, Iowa; P. Con- 
nor, Fremont, Nebr.; J. R. Otoupalik, 
Greeley, Colo.; H. W. Lang, St. Louis, 
Mo.; and P. Nash, Townsend, Mont. 

On September 5th an aurora was seen 
by L. Mattersdorf at Chesterfield, N. H.: 
H. A. Luft, Oakland Gardens, N. Y.; and 
E.. BD; Alpert, New Bedford, Mass. 


The display was noted 
for the variety of its 
forms. At Pittsburgh, 
W. A. Feibelman took 
these pictures that illus- 
trate some main auro- 
ral types. The first, 
taken at 9:50 p.m. EST, 
shows a broad, homoge- 
neous arc in the north. 
By 10:42, the arc had 
formed a rayed struc- 
ture, as shown in the 
second picture. At 3:40 
a.m., when the third 
photograph was made, 
the entire northern sky 
was bright with intense- 
ly green draperies. This 
was by far the brightest 
aurora of the year, rival- 
ing the great display of 
February 10-11, 1958, ac- 
cording to Mr. Feibel- 
man’s report. 
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AMERICAN 


ASTRONOMERS 


REPORT 


Here are highlights of some papers presented at the 103rd meeting of the American Astronomical Society at 
2, 1959. Complete abstracts will appear in the Astronomical Journal. 


Toronto, Canada, Aug. 30-Sept. 


Distance of the Sun 

An extremely precise radio method of 
finding the sun’s distance has been pro- 
posed by A. E. Lilley, Harvard Observa- 
tory, and Dirk Brouwer, Yale Observ- 
atory. It uses the same principle — Dpp- 
pler shifts caused by the earth’s motion 
around the sun — employed by an older 
optical technique involving observations 
of stellar spectra. When the earth moves 
toward a star, there is a shift of stellar 
spectrum — lines toward shorter wave 
lengths, while for a receding earth the 
displacement is to longer wave lengths. 
In practice, the optical procedure did not 
give the accuracy that its radio counter- 
part now offers. 

If a radio source is located behind a 
cloud of interstellar hydrogen, the 21- 
centimeter line of neutral hydrogen can 





be observed as a very sharp absorption 
feature. It is planned to measure the 
frequency of such an absorption line (for 
a source near the ecliptic) at different 
times of the year for several years. Be- 
cause of the earth’s revolution, the ob- 
served frequency of the absorption line 
will vary back and forth during the year. 
Thus it will be possible to ascertain the 
orbital velocity of the earth, and hence 
the precise size of its orbit and the dis- 
tance to the sun. 

Dr. Brouwer’s computations show that 
the method should be capable of fixing 
the sun’s distance to one part in 300,000 
— a precision hitherto promised only by 
radar observations of Venus. The main 
limitation to the accuracy attainable is 
the rotation of the earth, which may 
change the observed frequency of the 21- 





The University of Toronto, where the American Astronomical Society met, 
operates this 74-inch reflector, which for 25 years has been Canada’s largest 
telescope. It is housed in a dome 61 feet in diameter. 
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cm. line by one cycle in the course of 20 
seconds. This thus limits the time that 
can be profitably spent on any single 
measurement. 

Actual observations will start early in 
1960, at the Naval Research Laboratory 
and at the Agassiz station of Harvard Ob- 
servatory. For recording the hydrogen 
line, a new radiometer has been devel- 
oped, with financial support from the 
National Aeronautics and Space Admin- 
istration. 


Moon’s Distance by Radar 


Hitherto, astronomers have relied upon 
triangulation for finding the distance 
from the earth to the moon, either by 
direct measurements of the moon’s posi- 
tion in the sky as seen from widely sepa- 
rated observatories, or from times of oc- 
cultations of stars. With either method, 
the moon’s distance can be derived in 
terms of the earth’s size, which is known 
rather precisely. 

Preliminary results from a radically dif- 
ferent approach — radar ranging — were 
reported by R. H. Bruton, K. J. Craig, 
and B. S. Yaplee, of the Naval Research 
Laboratory. During October and No- 
vember, 1957, they measured the two-way 
travel times of 60,000 pulses of 10-centi- 
meter radio waves reflected from the 
moon. Although the beam-width was 30 
minutes of arc, at this wave length the 
moon reflects like a polished sphere, all 
of the echo coming from a very small area 
in the middle of its disk. 

The NRL scientists found in this way 
that the average center-to-center distance 
to the moon is 238,855.95 miles, with an 
uncertainty of £0.75 mile. This is in 
close agreement with the results previous- 
ly found by triangulation. 

One unexpected difficulty is that the 
daily measurements showed a monthly 
variation of a large fraction of a mile, 
after all known effects had been allowed 
for. To investigate this phenomenon, a 
new seven-month series of observations 
is under way. 


Pressure-Induced Nuclear 
Reactions in Stars 

Astrophysicists have long been familiar 
with thermonuclear reactions in stellar 
interiors, processes whose rates depend 
mainly on high temperature rather than 
density. A. G. W. Cameron, of Atomic 
Energy of Canada, Ltd., now calls atten- 
tion to a different behavior of nuclear 
reactions occurring in extremely con- 
densed matter. Such processes are little 
affected by temperature, but their rates 
are very sensitive to density. 

For them, Dr. Cameron has coined the 
term pycnonuclear reactions, from the 








Greek pyknos (compact, dense). He has 
computed the rates for three important 
processes of this kind: the conversion of 
Cc" to O% N* to O*, and OO” to Ne”, a 
helium nucleus being added in each case. 

One instance where processes of this 
sort may take place was described by Dr. 
Cameron. In a Population-II star of about 
the sun’s mass, helium reactions can 
build up elements as massive as neon, but 
the latter needs a temperature of 1.2 bil- 
lion degrees to enter into further thermo- 
nuclear phenomena. However, in such 
a star this temperature might not be 
reached, and after the helium burning 
stops the star’s core would contract to 
extreme density, becoming degenerate. 

\t this stage pycnonuclear reactions 
would set in, the star expanding (possibly 
explosively as in a nova) because of the 
heat generated. The C*-O” reaction may 
be the principal ignition process initiat- 
ing nova explosions. For stars at the tip 
of the red giant sequence in Population 
I, the N*-O* reaction is probably the 
cause of core expansion. 


Color-Magnitude Diagram 
for Visual Binaries 


In recent years, color-magnitude dia- 
grams have been derived for numbers of 
galactic and globular star clusters. Two 
important uses of such diagrams are to 
indicate observationally the evolutionary 
development of stars, and to determine 
accurate absolute magnitudes for stars 
of high intrinsic luminosity. Because so 
few star clusters are suitable for this kind 
of study, Gustav A. Bakos, now of the 
Smithsonian Astrophysical Observatory, 
points out that visual binary stars can 
add valuable information. 

According to current views of stellar 
evolution, if the two components of a 
binary star system differ in brightness by 
several magnitudes, in the great majority 
of cases the fainter component will be 
on the main sequence. Accordingly, the 
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color of the fainter star tells its absolute 
magnitude. Then, if the magnitude dif- 
ference between the components is 
measured, along with the color of the 
brighter star, its location in the color- 
magnitude diagram is also established. 

Dr. Bakos proceeded to measure photo- 
electrically the apparent magnitudes and 
colors of both components of 75 binary 
systems, using for this purpose the 19- 
inch reflector of David Dunlap Observa- 
tory. He took spectra with the David 
Dunlap 74-inch reflector at a dispersion 
of 33 angstroms per millimeter, in order 
to determine the absolute magnitudes of 
the primary components. In this way 
he compiled the color-magnitude array 
shown here. The primary components, 
plotted as open circles, are either giants 
or main-sequence stars. With few excep- 
tions, the fainter members are on the 
main sequence, as expected. 

In this diagram, curves have been 
added to show the evolutionary tracks 
of stars in a number of galactic star 
clusters. The greater the age of a cluster, 
the lower is the branching-off point of 
its track upward from the main sequence. 
Also, the more massive a star, the faster 
it will evolve, and the farther it will have 
moved in the diagram from the zero- 
age main sequence. 

By matching the positions in the color- 
magnitude array of the components of 
a binary system with the track of a 
cluster, the approximate age of the binary 
can be found. Thus, a binary for which 
the plotted points agree with the pattern 


for NGC 752 should have about the same 
age, on the order of one billion years, as 
that cluster. 

Of special interest are the double stars 
that lie in the same region of the dia- 
gram as the very old cluster M67, whose 
age is generally considered to be about 
five billion years. Those visual binaries 
whose brighter components lie to the 
right of the cluster track must be even 
older, about 10 billion years, according 
to Dr. Bakos’ estimate. He points out 
that some recently observed galactic 
clusters have color-magnitude arrays in- 
dicating they, too, are older than M67. 


Polarization of Light 
of Moon and Planets 


A difficult but important observational 
problem is the comparison of the proper- 
ties of interplanetary particles with those 
in interstellar space. But the moon, Mars, 
and Venus are continually collecting 
interplanetary particles, which may be 
expected to produce polarization effects 
in reflected sunlight. At McDonald Ob- 
servatory in Texas, the Indiana Uni- 
versity astronomer Thomas Gehrels has 
begun a study of these solar system bodies, 
as well as of the nebula NGC 7023, which 
shines by starlight scattered by interstellar 
dust. 

Dr. Gehrels’ observations are made 
with a Wollaston photometer attached 
to the 82-inch reflector. In this device, 
light is separated by a Wollaston prism 
into two beams, plane polarized at right 





Right: The colors and 
absolute visual magni- 
tudes of visual binaries, 
determined by Gustav 
A. Bakos with the 19- 
inch and 74-inch tele- 
scopes of the David 
Dunlap Observatory. 
The thin lines connect 
primary and secondary 
stars in a few special 
cases. Superimposed on 
the chart are the ob- 
served sequences of im- 
portant galactic clusters, 
their ages ranging from 
a few million years, for 
the Double Cluster in 
Perseus, to five billion 
years for M67 in Cancer. 


+24 


+44 


Left: Binaries with 
color-magnitude proper- 
ties like those of stars in 
the cluster M67, indicat- 
ing that they have simi- 
lar evolutionary ages. 
Most of the primary 
stars lie on the giant 
branch, the secondaries 
on the main sequence 
of the cluster. 
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angles to each other, whose intensities 
are measured with photomultiplier tubes. 
\ complete observation, requiring 30 
minutes, consists of such measurements 
for six orientations of the prism, in ultra- 
violet, green, and infrared light. Because 
the two beams are recorded simultaneous- 
ly, even during poor seeing or variable 
sky transparency the amount of polariza- 
tion can be determined with an ac- 
curacy of about 0.1 per cent. 

Seven small lunar regions, each about 
four miles in diameter, have been, ob- 
served in detail to determine how the 
polarization and brightness change with 
the moon’s phase. The polarization is 
least in the infrared (10,330 angstroms) 
and greater in the green. In the ultra- 
violet, at 3250 angstroms, the polariza- 
tion is strongest, and for lunar maria at 
quarter phase can amount to as much as 
23 per cent. In this respect, the floor of 
the crater Plato behaves as the maria do. 
Dr. Gehrels’ measurements in green light 
agree well with the earlier visual polari- 
metric observations by B. Lyot in France. 

Mars and Venus show the same wave- 
length dependence as the moon, strongest 
polarization occurring in the ultraviolet. 
A peculiar result is that for Venus the 
ultraviolet plane of polarization differs 
by 90 degrees from that at longer wave 
lengths. 

The marked ultraviolet effect indicates 
that light is being scattered by particles 
smaller than about 0.3 micron (1.2 x 10° 
inch) in diameter. In the case of Venus, 
two types of particles may be involved. 
Dr. Gehrels comments: “On Mars, and 
even on Venus, we may be observing ac- 
creted interplanetary particles suspended 
in the atmosphere.” He suggests that 
they are of the same nature as microme- 
teorites in the terrestrial atmosphere. 
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In the Meinel ratio spectrometer, the 

narrow slit allows only a 50-angstrom 

band-width to pass to its photocell, but 

the slit jaws are polished to reflect the 

remaining spectrum to the second slit, 

which is wide enough for 250 ang- 
stroms to pass. 
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Ordinary spectrographic intensity tracings are dominated by the basic energy 
curves of the stars, as shown by the dotted lines in these charts of Altair, an A7-type 
star, and Arcturus, of type K2. The Meinel spectrometer compensates for the 


energy curve, however, giving the normalized solid-line tracings. 


Kitt Peak 


National Observatory charts. 


As for the reflection nebula NGC 7023, 
parts of it were observed at wave lengths 
of 3700, 5700, and 8200 angstroms, where 
13, 19, and 22 per cent polarization are 
typical vatues. These indicate interstellar 
particle sizes of a few microns. But in 
the case of eight individual stars, the 
infrared interstellar polarization was 
found to be appreciably less than at 6500 
angstroms. 


Ratio Spectrometer 

A. B. Meinel, of Kitt Peak National 
Observatory, has invented a simple and 
effective device for charting automatically 
the light intensities of features in a stel- 
lar spectrum. The starlight collected by a 
telescope falls on a grating that forms 
a spectrum which is scanned simultaneous- 
ly by two slits. One slit views a 50- 
angstrom width of the spectrum, the other 
a 250-angstrom band centered upon the 
first. 

During scanning, the two slits remain 
fixed while light reaches them from a 
turning mirror. Behind each slit is a 
1P21 photocell, and the ratio of the two 
photocurrents is traced by a pen recorder. 
Localized absorptions and emissions in’ 
the spectrum appear as dips and peaks, 
respectively, on the tracing. 

Besides its speed and convenience, the 
ratio spectrometer has other important 
advantages. Because the spectrum is in 
effect being compared with itself, the 
intensity ratio is unaffected by fluctua- 
tions in sky transparency or seeing, or 
by guiding errors. Also, the general course 
of the tracing is more-or-less horizontal, 
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making small features easier to recognize. 

Dr. Meinel has built an experimental 
model of the device, using it with a 16- 
inch Cassegrainian reflector at Kitt Peak 
to observe 200 stars of spectral type G. 
It is possible to record stars as faint as 
the 5th magnitude, 10 minutes being re- 
quired for a scan from about 3500 to 
5500 angstroms. 

The ratio spectrometer can be used for 
accurate spectral classification and for the 
determination of absolute magnitudes of 
stars. Dr. Meinel suggests that the de- 
vice, when used with a very large tele- 
scope, may serve for measuring the red 
shifts of remote galaxies, by noting the 
wave-length change of the entire spectrum 
pattern with respect to the spectrometer’s 
calibration scale. 





DAYTIME AURORAS 


For many years there has been contro- 
versy concerning the possibility that in- 
tense auroral displays may be visible in 
full daylight. Until recently, the only 
report that had gained general acceptance 
was an observation in New Zealand, in 
May, 1921. Cicely M. Botley has now 
collected 15 probable cases of daylight 
auroras between the years 1744 and 1958. 

From her list, published in the August 
Journal of the British Astronomical As- 
sociation, she concludes that the _phe- 
nomenon is by no means as rare as has 
been thought. “It therefore seems that 
aurora, at any rate in the great class, is 
not confined to the night hemisphere but 
is global in the most literal sense, a con- 
clusion also supported by radar.” 














NEWS NOTES 


UNIVERSITY GIVES OBSERVATORY 
TO AMATEUR ASTRONOMER 

When Miami University, at Oxford, 
Ohio, recently decided to dismantle its 
observatory, the 12-inch Clark refracting 
telescope was presented to Leslie C. 
Peltier, of Delphos, Ohio. One of the 
nation’s most famous amateurs, Mr. 
Peltier has discovered a dozen comets 
since 1925, and has been a very active 
variable star observer. Most of his work 
has been done with a 6-inch refractor lent 
to him by Princeton Observatory. 

The 12-inch f/15.7 objective was made 
by Alvan Clark and Sons in 1868. For 
many years the telescope was used at the 
observatory of Wesleyan University, 
Middletown, Connecticut, and was trans- 
ferred to Miami in 1925. The gift to 
Mr. Peltier also included the observatory 
building with its 22-foot dome, a 3-inch 
Gaertner transit instrument, and a side- 
real clock. 

Already moved by truck to Delphos, 
the building and telescope are being re- 
erected exactly as they were at Miami 
University, on Mr. Peltier’s property 
about 100 yards north of his residence. 
The location is at the west end of the 
town, with no detrimental lights or 
smoke. The 12-inch is expected to be in 
active use by the end of the year, for 
observations of faint variable stars. 


VELOCITY OF LIGHT 

There is a curious discordance among 
modern experimental determinations of 
the velocity of light, for measurements 
made with visible light give slightly small- 
er speeds than do those with radio micro- 
waves. R. A. Miller and A. Lopez, Manila 
Observatory, suggest that this difference 
arises from the time taken by reflection 
from mirror surfaces used in the optical 
methods. The work done with standing 
microwaves in resonant cavities should 
be essentially free of such an effect. 

In support of their conjecture, the 
Philippine scientists call attention to the 
optical determination by L. E. Bergstrand 
a decade ago. This used only a single 
mirror reflection and gave a velocity of 
299,792 kilometers per second — very 
close to the results of microwave experi- 
ments. 

On the other hand, in the optical de- 
terminations made by A. A. Michelson 
and others up to 1935, light beams were 
sent back and forth over long paths by 
means of multiple reflections from rapid- 
ly rotating mirrors. Thus F. G. Pease 
and F. Pearson used 13 reflections be- 
tween points more than 10 miles apart, 
finding a velocity 18 kilometers per sec- 
ond less than Bergstrand’s. 

Drs. Miller and Lopez have made a 
first attempt to calculate the delay suf- 
fered by visible light during reflection 
from silver, finding roughly 1.7 x 10% 


second. This lag is of about the right 
size to account for the differences between 
the early optical and the recent micro- 
wave work, they report in the September 
Journal of the Optical Society of America. 
CATALOGUE OF DWARF GALAXIES 

Sidney van den Bergh, of David Dun- 
lap Observatory, has used National Geo- 
graphic-Palomar Sky Survey prints to 
compile a catalogue of 222 dwarf galaxies, 
characterized by very low intrinsic lumi- 
nosities. Faint objects were included in 
his list if they met two criteria: low 
surface brightness, and little or no cen- 
tral condensation on the photographs 
taken in red light. 

Four different types of such galaxies 
are distinguished by Dr. van den Bergh. 
Dwarf irregulars resemble NGC 6822 in 
the local group of galaxies. Dwarf spirals 
exist in two varieties, either as a short 
bright bar on a fainter background, or 
with resolved stars and nebulosity in 
elongated patches resembling segments of 
a spiral arm. Dwarf spheroidal systems, 
of very low surface brightness, are rather 
easy to identify at large distances, but 
more difficult to recognize if they are 
near enough to be completely resolved 
into stars. IC 3475 in the Virgo cluster 
is the brightest known representative. 
Lastly, there are dwarf ellipticals, but 
they are difficult to distinguish from their 
giant counterparts, and Dr. van den 
Bergh’s list contains very few. 

Of the 22 known probable members 
of the local group of galaxies, no fewer 
than 17 are dwarf systems. A dozen 
were included in Dr. van den Bergh’s 
survey, which is published as Vol. 2, No. 
5, of the Publications of David Dunlap 
Observatory. 


GUSTAV LAND DIES 


American astronomy lost a major link 
with the German tradition of celestial 
mechanics and refined positional measure- 
ments when Gustav Land of Yale Ob- 
servatory died on September 26th. 

Born at Danzig on April 15, 1880, as 
Gustav Deutschland, he studied at Berlin 
University, where his thesis was an investi- 
gation of the motion of a comet during 
a very close approach to Jupiter. After- 
ward he was at Leipzig Observatory, and 
became well known as an expert in stel- 
lar statistics. 

In 1939, Dr. Land left his native 
country, and, after working for a short 
time with the British Nautical Almanac 
Office, came to the United States as a 
staff member of Sproul Observatory. He 
was appointed research assistant at Yale 
in 1941, a position he held until his 
death. 

While in America, his chief study con- 
cerned the measurement of star positions 
on photographic plates, and methods for 
pushing the accuracy of this work as far 


IN THE CURRENT JOURNALS 

OCCURRENCE OF LIFE IN THE UNI- 
VERSE, by Su-Shu Huang, American 
Scientist, September, 1959. “Granted 
that all kinds of stars have an equal 
chance of possessing planets, we ask: Is 
there any way of knowing which kinds 
of stars favor the existence of life on 
their planets? This question can be 
reasonably answered, we find, with our 
present knowledge.” 








as possible. Particularly noteworthy were 
his studies of errors caused by emulsion 
shifts, and of practical ways of overcoming 
them. Dr. Land published in the Yale 
Observatory Transactions a_ searching 
analysis of the accuracy of the Yale meas- 
urements of trigonometric parallaxes of 
stars. The conclusions he reached in this 
memoir are of basic importance to im- 
proving our knowledge of stellar dis- 
tances. 


METEOR TRAILS USED 
IN RADIO COMMUNICATION 

In recent years, the overcrowding of the 
high-frequency bands normally employed 
for long-range radio communications has 
stimulated varied attempts to utilize wave 
lengths so short that ordinarily they would 
serve only over a line-of-sight path. The 
National Bureau of Standards now re- 
ports successful development of a two-way 
message transmission system, in which 49- 
megacycle signals are reflected from the 
ionized trails left by meteors. 

The message to be sent is first recorded 
on magnetic tape. With both transmitters 
on the air, the presence of a suitably 
located meteor trail is detected within a 
few thousandths of a second. Then the 
message is sent, most satisfactorily at 2,400 
words per minute — 40 times the speed of 
present teletype transmission. When the 
signal strength falls too low, as the meteor 
trail dissipates, the transmission is halted 
temporarily. 

Extensive tests made over an 800-mile 
path shows the method can compete effec- 
tively with other long-range systems, and 
is relatively free from ionospheric disturb- 
ances. However, the simultaneous occur- 
rence of two meteors can cause garbled 
signals. 

In a project known as Janet, Canadian 
scientists had previously used meteor ion- 
ization to aid short-wave radio communi- 
cations (SKy AND TELESCOPE, October, 
1956, page 541). 


INTERNATIONAL ASTRONOMICAL 
UNION 1961 MEETING 


The 11th general assembly of the Inter- 
national Astronomical Union will be at 
the University of California in Berkeley 
during August, 1961. More than 1,000 
astronomers from all parts of the world 
are expected to attend. IAU meetings are 
held every three years, the latest having 
been at Moscow in 1958. 
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The southern part of the moon, as represented on one sheet of Philipp 
Fauth’s great lunar map, left incomplete when he died in 1941 and now 
being prepared for publication by his son, Hermann Fauth. The 
original is on a scale of one to a million, corresponding to 11} feet for 
the moon’s diameter. This reproduction is on a scale only 29 per cent 
as great. The small key chart, left, identifies several of the more promi- 
nent craters, including Clavius, 144 miles in diameter; Tycho, 54; and 
Moretus, with its massive central peak, 73 miles. Fauth uses contour 
lines to indicate vertical relief, a change from the hachures in his 
earliest charts. These contours are careful estimates rather than the 
result of detailed measurements. Possibly never again will a lone 
selenographer prepare so elaborate a map of the whole moon entirely 
from his own visual observations. The multitude of smaller formations 
visible in very large telescopes is so great that future visual charting 
will probably be co-operative, insofar as it is not superseded by photog- 
raphy or actual exploration. To appreciate the amount of detail in 
Fauth’s map, and to judge its accuracy, the reader should compare the 
view in his own telescope with the depiction of, say, the crater Clavius. 
All illustrations with this article are courtesy Hermann Fauth. 


























PHILIPP FAUTH 
and the Moon 


HERMANN FAUTH 


tory of selenography should no 

more omit the name of Fauth than 
those of Midler and Schmidt. Fauth was 
a leader in lunar studies and the author 
of maps and publications showing his un- 
precedented knowledge of the moon's 
surface. Although this amateur was world- 
famed among astronomers during his life- 
time, recent books either fail to mention 
him or give him only a few inadequate 
words. In America he has remained al- 
most unknown. 

Philipp Johann Heinrich Fauth was 
born on March 19, 1867, at Bad Diirkheim 
in the German Rhineland, the oldest of 
three children in a long-established family 
of pottery makers. From his father he 
acquired outstanding artistic talents, that 
later showed themselves in unsurpassed 
lunar maps, and a lifelong love for music. 
Tending the pottery kiln at night, the 
father would fetch his youngster out of 
bed and carry him outdoors, wrapped in 
a blanket, to show him the beauty of the 
stars and the sun rising over the vineyards 
of the Rhine Valley. Coggia’s comet in 
April, 1874, made a deep impression on 
the boy. 


A NYONE who writes about the his- 


Philipp Fauth was 63 
when this picture was 
taken in the summer of 
1930. At that time, the 
German amateur was re- 
suming lunar observa- 
tions with a 154-inch 
refractor at his fourth 
observatory (pictured on 
page 23), at Griinwald, 
in Bavaria. 


At secondary school in Kaiserslautern, 
Fauth began an enthusiastic study of as- 
tronomy. In 1885 he started observing 
the sun and moon with a small 18-power 
telescope, and two years later acquired his 
first really serviceable instrument, a 3- 
inch refractor. His two aims were to be- 
come acquainted with everything to be 
seen in the sky, and to draw what he saw 
better than the usual pictures in books. 





Fauth’s first observatory, in use from 1889 to 1895, was located on the Lammches- 
berg, near Kaiserslautern. Here, with a 6-inch refractor, he made the observa- 
tions on which was based his atlas of 25 lunar regions. 





(At that time astronomical photography 
was a little-known novelty.) The boy’s 
inspiration came from books, for he had 
not yet visited an observatory or met an 
astronomer. 

In 1890, when Fauth became a school 
teacher, he built his first observatory in 
the southern part of Kaiserslautern, 
equipping it with a 6-inch Pauly refractor. 
At that time the west German observa- 
tories of Karlsruhe, Heidelberg, and 
Cologne had nothing larger. He devoted 
himself at once to the moon, Jupiter, and 
the nebulae. But two years later, the 
school board transferred him to the re- 
mote town of Oberarnbach in the west- 
ern Rhineland, for it was taken amiss that 
a young teacher should have such a good 
city post. 

Now his observing had to be done long- 
distance, each working night requiring a 
three-mile walk over a hilly road, then a 
10-mile train trip, and another half mile 
on foot to the observatory — and back 
again in the morning. He kept this up 
for four years, in addition to his regular 
school duties. Fauth recollected: ‘“Dur- 
ing those years I won my spurs as an as- 
tronomer. In the summers I more than 
once saw the sun set as I began to observe, 
and rise as I closed up the observatory. 
In winter I needed all my enthusiasm. 
Deep snow and bitter cold were obstacles, 
but steady seeing and a transparent sky 
encouraged me to persist; the unforget- 
table impressions even during winter 
nights are among my fondest observing 
memories.” 

The fruits of these strenuous years 
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The third observatory that Fauth built, in use from 1911 to 1923, was on the Kirchberg near Landstuhl, in western Germany. 
At the left, Professor Fauth stands before the building. The interior view shows the 154-inch medial refractor, an instru- 
ment of exceptional optical quality, which gave practically complete color correction. With this telescope the German 


were Fauth’s first two memoirs, published 
in 1893 and 1895: Astronomical Observa- 
tions and Results in the Years 1890 and 
1891, and a similar report for 1893 and 
1894. The latter included a topographic 
atlas of 25 lunar regions. Articles by him 
appeared in journals such as the Astro- 
nomische Nachrichten and Sirius, and he 
was already corresponding actively with 
fellow observers, especially Hermann 
Klein in Cologne, J. N. Krieger in Gern, 
Viktor Nielsen in Copenhagen, and Max 
Wolf in Heidelberg. 

Fauth’s success gained him the support 
of the Prussian Academy of Sciences for 
the construction of a more serviceable ob 
servatory in a better location. In 1895 
he obtained a transfer to the school at 
neighboring Landstuhl, and near there 
on the Kirchberg he erected his second 
observatory, a dome-topped stone tower 
26 feet high. It looked out over the 
treetops 450 feet above the town and 
1,300 feet above sea level. Here Fauth 
obtained a wealth of observational re- 
sults, and by 1902 had discovered some 
5,600 new lunar craterlets and clefts. He 
was now established as a lunar specialist. 
In 1906, Wilhelm Foerster of Berlin en- 
couraged him to write his first book, 
which also appeared in English transla- 
tion as The Moon in Modern Astronomy, 
London, 1907. Professor Foerster further- 
more recommended him for the post of 


amateur did much of his finest work. 


assistant at a new observatory in Mexico, 
which, however, he decided not to accept. 

In 1911 Fauth acquired a 15}-inch f/10 
refractor of the medial type. This design, 
invented by Ludwig Schupmann_ of 
\achen, provided images unusually free 
of chromatic aberration, and gave superb 





This photograph, taken in 1890, shows 
the young schoolteacher at the outset 
of his career as a lunar specialist. 
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performance. The third observatory, built 
for this telescope, stood 600 feet south 
of the stone tower. To the low sheet- 
zinc dome in a grove of young pine trees, 
Fauth welcomed thousands of visitors in 
the following years. 

His 28 years of activity at Landstuhl 
furnished the basis for many memoirs and 
books: in 1898, Observations of the 
Planets Jupiter and Mars at Their Op- 
positions of 1896-97, with 147 drawings 
and five maps; in 1912, a 790-page work, 
Horbiger’s Glacial Cosmogony; and in 
1916, his 25 Years of Planetary Investiga- 
tion, with 245 illustrations. There were 
also innumerable lunar drawings, thou- 
sands of sunspot sketches, and an analysis 
of almost 3,000 fine drawings of Jupiter. 
Moreover, he wrote numerous astronomi- 
cal articles and kept up an extensive sci- 
entific correspondence. 

This intense activity was interrupted 
in 1923, when Fauth left the Rhineland 
because of the French occupation, and he 
became a teacher in Munich. He could 
not bring his medial to Bavaria until 
1930, when he set it up near the town 
of Griinwald, nine miles south of Munich. 
There he continued his work, publishing 
at the age of 70 a large collection of draw- 
ings of formations very near the edge of 
the moon, observed at times of especially 
favorable libration. ‘Three years later 
he was planning to move his observatory 












































One of the 16 large-scale charts of Fauth’s 1932 regional atlas shows the Hell Plain, in the south-central portion of the 


moon. The ruined and incomplete remains of an enormous crater, this plain has never been officially named, but Fauth 
designated it Hérbiger. About two inches left of the crater Hell on this chart is Cassini’s bright spot, one of the most bril- 
liant lunar areas at full-moon phase. The low-walled crater labeled Schupmann is generally known as Hell B. 


to Rauhe Alb in Swabia, when he died 
on January 4, 1941. Philipp Fauth’s last 
contribution was a yet-unpublished work 
of advice and suggestions for future lunar 
observers. 

Today the sites of Fauth’s four observa- 
tories have been absorbed by the growth 
of cities, and his famous medial telescope 
disappeared at the end of World War II. 
There remain only his dwelling and his 
erave in Landstuhl, and streets named for 
him in Bad Diirkheim, Landstuhl, and 
Griinwald. His main legacies are his 
great selenographical works: the compre- 
hensive 600-page treatise of 1936, Our 
Moon; his lunar atlases of 1895 and 1932; 
and his great lunar map, 11} feet in 
diameter and on a scale of 1:1,000,000. 

The 22 sheets of this map survived 
World War II, but Fauth had lived only 
long enough to make the finished draw- 
ings for five of them. As his son, I have 
undertaken to complete the careful pencil 
drafts of the remaining 17 sections. The 
long-awaited publication of this map will 
probably be within a year. From the 
sample section reproduced on page 20, 
the reader may gather some impression 
of the remarkable detail and realism of 
Fauth’s representation of the moon. 

This map has had a long history. Over 


the years Fauth spent thousands of hours 
at the telescope, making the drawings that 
in 1936 he began to combine into a gen- 
eral map. Already in 1932 he had pre- 
pared a lunar atlas of 16 regional charts, 





the labor of a period when convalescence 
from a severe illness interrupted his ob- 
serving. These 16 charts were beautiful 
depictions on a large scale of areas such 
as Eratosthenes, Taruntius, Plinius, Ptole- 





Fauth’s fourth observatory, at Griinwald, which he used from 1930 until his 


death in 1941. He is here sitting on the edge of the dome slit, and the medial can 
be seen inside. The hut at the left contains a small telescope for sunspot counts. 
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This map of the large crater Copernicus was prepared by Fauth in July, 1932, 
from observations with his 15}-inch refractor. The original scale is 1:200,000, 
the contour lines indicating 200-meter intervals in elevation. At top center is a 
conspicuous double crater, the larger being Fauth, the smaller Fauth A. Nearest 
the bottom edge is the crater Gay Lussac. Copernicus itself is remarkable for its 
intricate interior terraces, the inner wall descending in a series of irregular steps. 


maeus, and Posidonius, as well as the 
Hell Plain, and the double crater Fauth 
(officially named after him). The great 
formation Copernicus is shown as it 
would be seen from directly above, 
without foreshortening, on a scale of 
1:200,000. 

The work on the 114-foot map was de- 
layed by Fauth’s continual desire to add 
new details from additional observations. 
In 1939 he wrote, “I am constantly find- 
ing peculiarities that lend fresh interest 
to the work. In a way, all lunar maps 
are premature, for the detail is truly in- 
exhaustible.” 

This cautious and responsible attitude 
helps explain Fauth’s deep skepticism of 
reports of lunar change. In an important 


article (Astronomische Rundschau, 3, 172- 
176, 1901), he marshaled strong argu- 
ments that no alteration had actually oc- 
curred in the famous case of the object 
Linné, in Mare Serenitatis, and he again 
presented his proofs in his 1936 book. 
Yet others ignored his demonstration that 
Schmidt was mistaken in believing that 
Linné had altered from a crater to a 
bright patch. 

“Without this error,” he wrote, “lunar 
literature would be free from many of 
its fantasies; as it is, proofs of ‘changes’ 
on the moon spring up like weeds. We 
witness over and over again how ‘scien- 
tific’ methods and time and effort are 
squandered on unprofitable problems.” 
Although Fauth was widely recognized as 
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the leading lunar expert of his day, his 
warning went unheeded. 

The German selenographer was deeply 
disappointed that for decades he had 
been publishing fine drawings of the 
moon without finding fellow workers 
whom he regarded as of his own caliber. 
“Either they were content with the suc- 
cess of lunar photography, or they shied 
away from creative work at the eyepiece, 
which demands patience and skill. In- 
stead, the enthusiasm of students of the 
moon has been for selenological problems, 
and they have advanced wild theories 
without coming to grips with hard facts. 
Lunar work has not achieved the high 
level that should have been stimulated by 
the publication of Schmidt’s lunar atlas 
of 1878.” 

Philipp Fauth’s extensive contributions 
to lunar studies were nevertheless only 
one aspect of a versatile career. At the 
same time, he was a widely known educa- 
tor and a highly accomplished musician. 
The biography that I am now writing 
should furnish a clear and faithful image 
of him. 
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Q. How many natural satellites in the 
solar system can be seen with a 3-inch 
telescope? 

A. About eight. These are the earth’s 
moon, the four Galilean satellites of 
Jupiter, and three of Saturn’s moons — 
Rhea, Titan, and perhaps Iapetus. 

Q. Have any features on the invisible 


side of the moon been tentatively 
mapped? 
A. Yes. Certain bright rays reach 


around the moon’s edge into the visible 
hemisphere. On the assumption that 
these rays, like those of Tycho and 
Copernicus, diverge from craters, the lo- 
cations of several craters have been de- 
rived on the far side of the moon. 

Q. What does the symbol A mean 
when used with a number to label objects 
on a star chart? 

A. These are southern clusters and 
nebulae in the catalogue of James Dun- 
lop, who observed in Australia about 
1825. Dunlop numbers are seldom used, 
as his list was superseded within a few 
years by John Herschel’s catalogue. 

Q. Which astronomical constants have 
been most precisely determined from ob- 


servation? 


A. The orbital periods of the earth 
and the moon, in terms of the length of 
the day. 

Q. Who invented the telescope? 

A. This question has never been fully 
settled. Apparently it was independently 
invented by several people at the begin- 
ning of the 17th century, among them 
Hans Lippershey, to whom credit is 
usually given. W.E.S. 





GETTING ACQUAINTED WITH 


TECHNIQUES LUNAR AND 

FTER the beginner has gained some 

acquaintance with the moon and 
planets, his growing experience is likely 
to suggest some specific observing pro- 
grams, such as were described in the Sep- 
tember issue. Whether his purpose is 
private enjoyment or adding to astronom- 
ical knowledge, the following hints should 
be helpful. 

It is desirable to get in touch with 
other amateurs having similar interests, 
preferably by joining one or more of the 
observing societies. The director 
of the Association of Lunar and Planetary 
Observers is Walter H. Haas, Pan Ameri- 
College Observatory, Edinburg, 
For information about the British 
Association, write to the 
303 Bath Rd., Houns- 
low West, Middlesex, England. A new 
organization devoted to observations of 
the moon is the International Lunar So- 
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ciety, whose permanent secretary is A. 
Paluzie-Borrell, Diputacion 377, Barce- 
lona, Spain. All three of these groups 


publish journals in which amateurs re- 
port their work. In addition, your local 
amateur society have active observ- 
ing sections. 

An excellent habit for the 
keeping a notebook in which every ob- 
servation is written down at the time it 
is made, regardless of whether it seems 
important or not. ‘Trust nothing to 
memory; a valuable discovery can be lost 
because the details not written 
down when their recollection was fresh. 
Records should never be changed after- 
ward. One convenient system is to keep 
the original in pencil and to make later 
additions in ink. 

The practiced observer habitually re- 
cords the time of observation for each 
entry in his notebook. On the moon, the 
advance of the sunrise or sunset line is 
so rapid that the appearance of details 
near it can change within a few minutes. 
The planets Mars, Jupiter, and Saturn 
can change their aspects rapidly as they 
rotate, so the exact moment of an obser- 
vation must often be known for its proper 


may 


observer is 


were 


interpretation. 

In addition, notes should be made of 
the sky conditions at the time. We 
serve from the bottom of a deep ocean 
of turbulent air, which bends light rays 
irregularly as they pass through it. Con- 
are seen by the unaided 
eye to twinkle, and telescopic images 
vibrate and lose their sharpness. At the 
time, there may be dimming by 
clouds, smoke, or dust. A careful dis- 
tinction is drawn between seeing, which 
indicates the steadiness of the atmosphere, 
and transparency, which indicates its 
ability to transmit light. 

It is customary to record the seeing on 
a scale of 0 (worst) to 10 (best). Similarly, 


ob- 


sequently, stars 


same 
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sky transparency is often described on 
a scale of 0 (nothing visible) to 5 (very 
clear). The subject of seeing is discussed 
further on page 37 of this issue. 

One reference work that is invaluable 
to the serious lunar or planetary student 
is the American Ephemeris, in particular 
the section containing the ephemerides 
for physical observations of the moon and 
planets. It gives complete information 
about conditions of solar illumination 
and the orientation of their surfaces with 
respect to the earth. Simplified compila- 
tions of such data are given in the annual 
Handbook of the British Astronomical 
Association, and in the Observer’s Hand- 
book of the Royal Astronomical Society 
of Canada. 

Anything that adds to the comfort and 
convenience of the observer will increase 
the amount of work he can do in an eve- 
ning. If the telescope does not already 
have a clock drive, adding one should be 
seriously considered. With a driveless 
instrument, objects drift rapidly out of 
the field of view, especially when high 
powers are used, and the frequent re- 
setting of the telescope is a nuisance. 
Moreover, brief intervals of fine seeing 
can be missed because the observer’s 
scrutiny has been interrupted. 

Many amateurs have built their own 
drives at low cost. The first two volumes 
of Amateur Telescope Making contain 
many descriptions and pictures of home- 
made drives. Edgar Everhart discussed 
gear ratios for sidereal and other drive 
rates in Sky AND TELEscorE for August, 
1957, page 494 (out of print). Of course, 
many commercial models are available. 
Setting circles are less necessary for the 
planetary observer, who would need them 
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An electric drive for a 10-inch tele- 
scope, made by the late J. H. Pruett. 


only for locating Uranus or Neptune, or 
for observing the brighter planets by day. 

The eyepiece of a long-focus New- 
tonian reflector can sometimes be awk- 
wardly high above the ground, unless 
there is a suitable support or short sturdy 
stepladder available. There should be a 
convenient place close at hand for the 
observer’s notebook, sharpened pencils, 
and charts. One accessory that can be 
strongly recommended is a box with a 
top of heavy ground glass, perhaps one 
foot square, and containing an electric 


light. With such an arrangement, draw- 
ing paper can be illuminated from be- 
low, making sketching the moon or 


planets much easier. 


a 





Several years ago, Thomas R. Cave, Jr., Long Beach, California, designed this 
observing platform and stand for his clock-driven 124-inch £/9.7 reflector. 
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Radio Astronomy Receivers—| 


FRANK D. Drake, Nasional Radio Astronomy Observatory 


T FIRST SIGHT, the task per- 
A formed by a radio telescope is in- 

credible. The total power falling 
on the entire surface of the earth from 
the brightest radio source other than the 
sun, Cassiopeia A, is about 100 watts — 
just enough to operate a single light 
bulb of that rating. From this supply, 
a giant radio telescope will collect only 
about 10°" watt. 

The total radio power striking our 
earth in the famous 21-centimeter line of 
neutral hydrogen is scarcely 20 watts. 
Here a large radio telescope, receiving 
only a small fraction of the narrow band 
of available frequencies, may gather 10 
watt. The faintest detectable radio sources 
provide our planet with but 1/100 watt 
of total power. Yet we can still manage 
to detect the millionth of a millionth of 
a millionth of a watt that is one tele- 
scope’s share of this supply. 

At the present time spectacular radio 
telescopes are springing up all over the 
world, especially in the United States. 
In each telescope, buried almost invisibly 
in the vast structure of the antenna, is 
a special radio receiver, usually called a 
radiometer, which detects and measures 
the radio energy collected by the antenna. 

It is true that the resolving power is 
determined completely by the size and 
quality of the antenna, and these depend 
mainly on the money available to build 
it. But the faintness of detectable signals 
and the precision of radio intensity 
measures are largely controlled by the 
quality of the radiometer, and this de- 
pends chiefly on the ingenuity, knowl- 
edge, experience, and skill of the builder. 
For this reason, the design and construc- 
tion of radiometers have appealed to 
some of the most nimble minds, who have 
brought to the field great vitality and 
fascinating advances. 

Not only are the celestial signals weak, 
but they have no distinguishing features. 


Except for the 2l-cm. sources, the radia- 
tion is at all frequencies, and the intensity 
of a particular frequency does not change 
with time, except in the case of solar sys- 
tem bodies. The radiation has the charac- 
teristics of random noise, just like static 
in a radio set. There are no dots and 
dashes, or tones, to tell us when we have 
found a signal. Furthermore, presently 
available receivers create far more noise 
power within themselves than is  col- 
lected by the antenna. The problem 
facing the designer is to separate ac- 
curately the very faint celestial noise from 
that of the receiver, which is identical in 
nature but vastly stronger. 

\s a rule, the heart of the radiometer 
conventional receiver with all the 
usual tubes, coils, resistors, and other 
parts. To this is added electronic circuitry 
to increase stability and to distinguish 
signal noise from receiver noise. The 
conventional receiver performs the basic 
functions of all radios: It selects a cer- 
tain band of frequencies, amplifies the 
power in that band, detects the amplified 
power, and presents the results in a con- 
venient form. 

The receiver design most frequently 
employed is the superheterodyne circuit, 
used in all home radios and TV sets, the 
incoming signal being mixed in a tube 
or crystal with a signal of nearly equal 
frequency generated internally. The two 
signals “beat,” as in an out-of-tune piano, 
and the beat frequency, which now car- 
ries the signal information, is extracted, 
amplified, and detected. The advantage 
of this circuit is that the extracted beat 
frequency is much lower than the original 
signal frequency, and is more easily and 
cheaply amplified. 

Until recently, the receiver output was 
universally recorded in graphical form by 
means of a moving-chart pen recorder. 
Lately, equipment has become commer- 
cially available that allows the output to 
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Fig. 1. The operation of 
an ideal radiometer, in 
which there would be 
no internal receiver 
noise, is compared with 
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the situation in actual 
practice, where the out- 
put is a combination of 
external signal and in- 
ternal noise. 
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be presented in digital form — as printed 
numbers or punched on tape in the 
proper code for direct insertion into an 
electronic computer. This latter method 
is rapidly gaining favor, as it eliminates 
the tedious work of measuring the pen 
recordings, avoids human error in data 
reduction, and enables the process to be 
carried out automatically by high-speed 
computers. 

Among the various complete radiometer 
systems, the most straightforward and ob- 
vious arrangement to extract signal from 
receiver noise is the direct or total-powe) 
radiometer. If a receiver is made ex- 
tremely stable, the output power due to 
its noise will be nearly constant. When 
a radio source enters the antenna beam, 
there is a slight increase in output power, 
and this increase is a measure of the 
source intensity. This situation is shown 
in Fig. 1b. 

In the direct radiometer a battery is 
used to provide a voltage equal to that 
of the receiver noise. These two voltages 
are applied to a circuit whose output is 
their difference. This differencing circuit 
thus acts to subtract out the receiver noise 
power, leaving only the increases in re- 
ceiver output due to the presence of 
celestial radiation, as shown in Fig. 2a. 

The proper performance of the direct 
radiometer depends entirely on high re- 
ceiver stability. Because the receiver noise 
is being amplified, changes in the ampli- 
fication, or gain, will cause fluctuations 
simulating changes in the input signal 
power. Since the receiver noise may be 
10,000 times greater than the signal noise, 
it is necessary to have the gain vary by 
no more than one part in 10,000. ‘Then 
the output fluctuations due to receiver 
gain variations will be less than changes 
due to the coming and going of celestial 
signals. 

This is a very difficult standard to meet, 
and is a far cry from the one part in two 
or three that is acceptable in a radio or 
TV set. It is necessary to employ extreme- 
ly stable electrical power supplies in radio 
astronomy receivers, particularly in the 
units that feed the tube filaments. Since 
slight variations in temperature affect 
gain, all receiver components in a direct 
radiometer are kept in rooms or contain- 
ers that are held at very nearly constant 
temperatures, usually by means of heat 
pumps, air conditioners, or heaters con- 
trolled by sensitive thermostats. All this 
is costly, but provides the advantage of 
simplicity in the radio circuitry. 

A variation of the direct radiometer, 
the d.c.-comparison type, is often used in 
2l-cm. work. Two separate bands of 





frequencies are amplified by the receiver, 
separated, and detected individually. 
They are then put through the differ- 
encing circuit of a direct radiometer, one 
band replacing the battery. Since re- 
ceiver noise and any wide-band cosmic 
noise are present equally in both chan- 
nels, these are eliminated by the differ- 
encing circuit. However, if the receiver 
is tuned so that one band covers the 21- 
cm. line, the 21-cm. power will be in that 
band but not in the other. The output 
will then represent only the 21-cm. radia- 
tion being collected by the antenna. 


A second, more sophisticated technique 
for overcoming receiver noise is the one 
used in the switched or Dicke radiometer 
(Fig. 2b), named after R. H. Dicke, who 
invented the method in 1946. The es- 
sence of this technique is to place a switch 
in front of the receiver, for alternate con- 
nection with the antenna and with a re- 
sistor. The signal power then comes to 
the receiver in pulses whose frequency 
and duration are controlled by the switch- 
frequency generator. Since the receiver 
is located after the switch in the circuit, 
the receiver noise does not have a pulsed 
character. The pulsing has, in effect, put 
a “tag” on the signal to distinguish it 
from the receiver noise. 

Hence, if we put a device at the re- 
ceiver output which recognizes only 
power with the proper tag on it, we may 
eliminate the receiver noise. Such a de- 
vice is called a synchronous detector. It 
is connected to the switch-frequency gen- 
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Fig. 2. Principles of direct and Dicke radiometers, explained in the text. 


erator, and detects only signals that are 
synchronized in time and duration with 
the switch. Its output is a direct-current 
voltage proportional to the amplitude of 
the pulsed signal applied to it. Such a 
radiometer is shown in Fig. 3. 





Fig. 3. This Dicke radiometer, made by Ewen-Knight Corp., employs traveling- 


wave tubes (in left-hand unit), and operates at 8,000 megacycles with a band- 
width of 1,000 megacycles. The upper-center unit is the switch. All parts except 
the control rack (right) must be mounted on the telescope antenna. 


Although the circuitry is more compli- 
cated in a Dicke radiometer, the gain- 
stability requirements are much less than 
in a direct radiometer. And in cases 
where the gain stability desired for the 
latter cannot be obtained with existing 
technology, the only answer is to use a 
Dicke radiometer. Disadvantages of this 
method, however, are that switches which 
do not waste signal power are often dif- 
ficult or impossible to build, and that 
half the power collected by the antenna 
is thrown away because the receiver is 
connected to it only half the time. 

A variation of the Dicke radiometer is 
also used in 2l-cm. work. The receiver 
is connected to the antenna at all times, 
but the incoming energy is switched be- 
tween the 21-cm. frequency and a nearby 
frequency. The receiver noise and wide- 
band cosmic noise are contained in both 
channels, and consequently not pulsed 
by the switching process, but the 21l-cm. 
radiation is in only one band and is there- 
fore pulsed, becoming the only power to 
appear in the final radiometer output. 
Such 2l-cm. radiometers are necessarily 
about the most complex and expensive to 
be found in radio astronomy. An example 
of these receivers is the one used by 
Leiden Observatory astronomers to map 
the spiral structure of the Milky Way. 

Would not perfect gain stability in the 
direct radiometer or the Dicke type allow 
us to detect infinitesimally faint signals? 
With existing electronic components, the 
answer is no. This inescapable situation 
exists because receiver noise is noise, a 
random sequence of voltages, and there- 
fore not constant in intensity. Thus, re- 
ceiver noise power in the output varies 
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Fig. 4. This installation at the National Radio Astronomy Observatory serves the 85-foot radio telescope (pictured on page 

428, June issue). The control unit of Fig. 3 is at the left, and next to it a data digitizer. At right center, the large black 

assembly is a direct radiometer for 20 to 27 centimeters, and a d.c..comparison radiometer for 21 centimeters. At the far 
right is a 68-centimeter direct radiometer. National Radio Astronomy Observatory photograph. 


with time even if the gain is absolutely 
constant; hence the output of a direct 
radiometer will vary. Similarly, fluctua- 
tions in receiver noise in the Dicke radi- 
ometer will often, just by chance, create 
a series of noise pulses that are synchro- 
nized with the switch-frequency generator. 
Here again, the radiometer output varies. 

The formula that follows is probably 
the most famous in radio astronomy, and 
gives the apparent input power fluctua- 
tion, AP, actually caused by receiver 
noise: 

AP P,,/(Bt)}. 

This value is equivalent to the fluctua- 
tion in radiometer input power that 
would cause the same changes in output 
power as are produced by receiver noise. 
Pz is the receiver noise power in the out- 
put divided by the gain. B is band-width, 
the band of frequencies accepted by the 
receiver, and ¢ is the time over which the 
output is averaged. 

In a way, measuring the average output 
power is like trying to determine the 
mean level of the ocean when it is wavy. 
We might do this by inserting a number 
of sticks in the water and reading the 
water level at each stick. As the ocean 
gets rougher, which is equivalent to an 
increase of the receiver noise in the 
formula above, our results become less 
accurate. But if we use more sticks in 
the water, equivalent to enlarging the 
band-width, we get a more precise answer. 
Similarly, by making measurements re- 
peatedly over longer periods of time — 
equivalent to increasing the averaging 
time — our answer becomes more accurate. 


The value of the receiver fluctuation 
given by the formula sets the ultimate 
limit on the sensitivity of any radiometer, 
since if we are to distinguish a signal it 
must obviously be stronger than the ran- 
dom fluctuations. The continuous effort 
to improve sensitivity is one of the most 
challenging and busy fields of radio as- 
tronomy. It is only because we have suc- 
ceeded in reducing the fluctuations below 
the level of 10°* watt mentioned earlier 
that we have been able to make radio 
observations at all, and our success in 
pushing sensitivities below 10 watt has 
made radio astronomy a booming science. 

What can be done to improve sensitivi- 
ty? The averaging time is limited by 
the interval an object to be observed is 
above the horizon. Thus, it cannot ex- 
ceed something like 12 hours for many 
objects. However, such long averaging 
times are rarely used, because over long 
periods instabilities in electronic com- 
ponents produce fluctuations greater than 
those given by the formula. The band- 
width B is, of course, as large as possible. 
In superheterodyne receivers it cannot be 
made greater than about 10° cycles per 
second — values above this figure cause 
increases in receiver noise that lead to 
a net deterioration in sensitivity, despite 
the larger band-width. Typical super- 
heterodyne receivers today may detect 
signal powers which are about 1/10,000 
as strong as the receiver noise. 

The effort to improve _ sensitivity 
through increasing band-width scored a 
major advance when a special amplifier 
known as the traveling-wave tube was 
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invented. Quite different from ordinary 
vacuum ones, these tubes have the special 
characteristic of amplifying a very wide 
band of frequencies, for instance 10° cy- 
cles per second. Dicke radiometers con- 
taining very simple receivers using these 
tubes are becoming quite popular in 
radio astronomy. The receiver in Fig. 3 
can detect the presence of a noise signal 
which increases the noise power output 
by only one part in 350,000! 

Sometimes, however, as in 21]-cm. work, 
the signal covers only a narrow range of 
frequencies. This sets a limit on the use- 
ful band-width, and the only way left to 
improve sensitivity is to reduce receiver 
noise. Much work has gone into this, 
mainly in an effort to improve the elec- 
tronic components, such as tubes and 
crystals, that govern receiver noise. 

Looking back over the short history of 
radio astronomy, it appears that sensi- 
tivity has been improved, on the average, 
by about 50 per cent every year. This 
means that each year we have been able 
to see about 20 per cent farther into space 
with a given antenna, or to study almost 
twice as much space as the year before. 
This rapid advancement may now go even 
faster. Larger antennas are being built 
more quickly. And in just the last year 
or so, solid-state physics has given radio 
astronomers an assortment of new “wonder 
devices” that promise startling improve- 
ments in receiver sensitivity. A descrip- 
tion of some of these devices, which may 
bring another revolution in astronomy, 
will be given in the succeeding article. 

(To be continued) 








Amateur Astronomers 


A YOUNG AMATEUR’S OBSERVATORY IN TEXAS 


OBLE OBSERVATORY is the prod- 

uct of 3} years of work which began 
when I was 14 years old, without much 
experience in telescope making. But the 
three volumes of Amateur Telescope Mak- 
ing provided me with enough information 
to assemble and mount a refractor large 
enough for detailed observations of the 
moon and planets. 

First, a 6-inch achromatic lens was 
bought from a very good amateur optical 
worker, and an equatorial mounting pro- 
cured. As presently set up, the refractor 
is equipped with a large finder, a 3-inch 
guide telescope, a 3-inch astrograph, a 
35-mm. camera, an astro-camera, setting 
circles, and a clock drive. The last is un- 
satisfactory, as its output torque is in- 
sufficient to turn the telescope, so I am 
attempting to make another clock drive. 

All of the accessories listed above, ex 
cept the two cameras, were made by me 
from locally available materials. I pro- 
vided the mounting with slow motions 
and clamps, and plan for the future a 
console unit at which the instrument can 
be set for any position on the sky. 

I bought the building, finished as shown 
in the photograph, for $300. It is 10 
feet in diameter, with a full-sized entrance 
door. One of the top sections opens to 
permit observing from the zenith down 
to about 30° altitude. Another section 
is for from 30° to the top of the door, 
and anything lower is observed through 
the open door. Mounted on 31 wheels, 


WASHINGTON, D. C. 

In the summer of 1958, several mem- 
bers of the National Capital Junior As- 
tronomers began a systematic program of 
drawing the planet Mars. They used an 
8-inch reflector and a 5-inch refractor for 
most of their work, which was completed 
last February. 

From 47 drawings, an over-all map of 
Mars was compiled. A similar program 
is planned for next year. Junior groups 
who may be interested in conducting a 
project of this type are invited to write 
Roy R. Troxel, 3017 Cleveland Ave., 
Washington 8, D. C. 





HUMBOLDT COUNTY, CALIFORNIA 

Two amateur societies are in operation 
in Humboldt County, in northern Cali- 
fornia. In Eureka, the Astronomers of 
Humboldt recently purchased 11 acres of 
land for a possible observatory site. The 
secretary of the club is William N. Ab- 
bay, Jr., 1745 Margaret Lane, Arcata, 
Calif. 

Founded two years ago, the Astrono- 
mers of Southern Humboldt in Fortuna 
has nine active members, who meet on 
the second and fourth Sundays at private 
homes. Its secretary is William Shreeve, 
P. O. Box 862, Fortuna, Calif. 





pe 


ecm, 


—— 





 eneercemene ae 
© oe renee 
perenne 
a 
prrmenneran 
a 
proce eae 
peer 


eee, 
ee 


ee 


The 10-foot-diameter building of 
Tommy May’s observatory turns on 31 
wheels. Inside is a 6-inch refractor. 


the entire observatory rotates on an angle- 
iron track. 

If this project were repeated, the total 
cost of $900 would be much less, as I have 
learned a great deal. The observatory is 
named after Miss Charlie M. Noble, an 
astronomy teacher of Ft. Worth, Texas, 
who has pioneered in encouraging junior 
astronomers in this area. The observatory 
is open to all visitors, and correspondence 
concerning it is welcome. 

TOMMY MAY 
2422 Gibbins Dr. 
Arlington, Tex. 
STAMFORD, CONNECTICUT 

The primary mirror of the 20-inch 
Cassegrainian-Maksutov telescope, _de- 
scribed on page 622 of the September 
issue with the project of the Fairfield 
County Astronomical Society, will have 
a diameter of 24 inches. The 4-inch 
apochromatic spotting scope, another in- 
strument of the observatory at the Stam- 
ford Museum and Nature Center, was 
designed by E. L. McCarthy, Perkin- 
Elmer Corp. 

ALBUQUERQUE, NEW MEXICO 

There are 12 members in the Albu- 
querque Astronomers. Interested persons 
should communicate with Dan Judd, 402 
Central Ave., S.W., Albuquerque, N. M. 





BURLINGTON, IOWA 
Ten adults and two juniors comprise 
the Burlington Astronomy Club. The 
president is Jack R. Polson, 2214 Barrett 
St., Burlington, Iowa. 





RIVERSIDE, CALIFORNIA 
Nineteen amateurs have formed the 
Riverside Astronomical Society. More in- 
formation is available from H. E. Kaiser, 
4868 Hedrick Ave., Arlington, Calif. 


THIS MONTH’S PROGRAMS 

Cleveland, Ohio: Cleveland Astronomi- 
cal Society, 8 p.m., Warner and Swasey 
Observatory. November 6, Dr. G. de 
Vaucouleurs, Harvard Observatory, “The 
Atmospheres of Mars and Venus.” 

Dallas, Tex.: Texas Astronomical So- 
ciety, 8 p.m., Dallas Health and Science 
Museum. November 23, Michael Gardner, 
“External Galaxies.” 

New York, N. Y.: Amateur Astronomers 
Association, 8 p.m., American Museum of 
Natural History. November 4, Dr. George 
A. Morton, R. C. A. Laboratories, “New 
Eyes for Our Telescopes.” 

New York, N. Y.: Junior Astronomy 
Club, 8 p.m., Waverly building, New 
York University. November 20, Dr. Fran- 
cis J. Heyden, S. J., Georgetown Observa- 
tory, “Observing Total Eclipses for Geo- 
detic Measurements.” 

Washington, D. C.: National Capitz’ 
Astronomers, 8:15 p.m., Commerce De- 
partment auditorium. November 7, Dr. 
Jack Green, North American Aviation 
Corp., “Geochemical Aspects of Lunar 
Exploration.” 


BARTLESVILLE, OKLAHOMA 
A new member of the Mid-States 
Region of the Astronomical League is 
the Bartlesville Astronomical Society, 
which is comprised of 19 amateurs. The 
president is E. L. Clark, 2054 Johnstone, 
Bartlesville, Okla. 





A MICHIGAN AMATEUR’S 
BASEMENT PLANETARIUM 
INCE August, 1957, I have developed 
a small, inexpensive planetarium, with 
many auxiliary pieces of equipment. AI- 
though the seating capacity is only four 
to six, over 100 persons view the demon- 
strations each year, many of them return- 
ing every two months when I change the 
lecture subject. 

So that the stars as seen from either the 
Northern Hemisphere or the Southern 
may be shown, the Spitz, Jr., projector is 
equipped with interchangeable spheres. 
These have been pierced to project 3rd- 
and 4th-magnitude stars not included 
by the manufacturer, and small holes 
punched together give a rather realistic 
impression of the Milky Way. 

Half of a Spitz, Jr., sphere forms the 





David DeBruyn’s basement planetari- 
um. The dome illuminator is at left. 
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dome illuminator, using a flashlight bulb 
with a blue filter. The dome is an 8}- 
foot beach umbrella, painted white on 
the inside and with linen added around 
the edge to complete the hemisphere. A 
silhouette of downtown Muskegon has 
been cut out, and compass points are 
marked. 


For the sun, moon, and five bright 
planets, an equatorially mounted auxil- 
iary projector with interchangeable slides 
was constructed. Fourteen slides depict 
the moon’s phases, and there are slides of 
comets, meteors, and artificial satellites. 
A separate projector is used for auroras 
and the zodiacal light. 


Photographs and other exhibits are set 
up outside the planetarium chamber. A 
phonograph with two remote speakers 
can be operated from the planetarium 
switchboard for special sound and musical 
effects. DAVID DEBRUYN 

2221 Oak Ave. 
N. Muskegon, Mich. 





Planetarium Notes 


(Most planetariums give group and 
special showings by appointment.) 


BALTIMORE: Davis Planetarium. Mary- 
land Academy of Sciences, Enoch Pratt Li- 
brary Building, 400 Cathedral St., Baltimore 
1, Md., Mulberry 5-2370. 

ScHEDULE: (Sept.-June), Thursday, 7:15, 
7:45, 9 p.m.; Saturday, 2 and 3 p.m. Ad- 
Director, 


4 


mission free. Spitz projector. 
Paul S. Watson. 

BLOOMFIELD HILLS, MICH.: Mc- 
Math Planetarium. Cranbrook Institute of 
Science, Bloomfield Hills, Mich. 

ScHEDULE: Saturday and Sunday, 2:30 
and 3:30 p.m.; Wednesday, 4 p.m. Spitz 
projector. In charge, James A. Fowler. 

BOSTON: Charles Hayden Planetarium. 
Museum of Science, Science Park, Boston 
14, Mass., Richmond 2-1410. 

ScHEDULE: Tuesday through Friday, 11 
a.m. and 3 p.m.; Friday, 8 p.m.; Saturday, 
11 am., 2 and 3:30 p.m.; Sunday, 1:30, 
2:45, and 4 p.m. Korkosz projector. Di- 
rector, John Patterson. 

CHAPEL HILL: Morehead Planetarium. 
University of North Carolina, Chapel Hill, 
N. C. 

ScHEDULE: Daily, 8:30 p.m.; also at 11 
a.m. and 3 p.m. Saturday, 3 and 4 p.m. Sun- 
day. Zeiss projector. Manager, A. F. Jenzano. 

CHARLESTON, W. VA.: Hillis Town- 
send Planetarium. Children’s Museum, Pub- 
lic Library Building, Charleston, W. Va. 

SCHEDULE: Saturday, 11 a.m. Admission 
free. Spitz projector. Director, Mrs. R. L. 
Sullivan. 

CHATTANOOGA, TENN.: Clarence T. 
Jones Observatory. University of Chatta- 
nooga, Brainerd Rd., Chattanooga, Tenn., 
MA 2-5733. 

ScHEDULE: Friday, 8 p.m. Admission 
free. Jones projector. Astronomer in charge, 
Karel Hujer. 

CHICAGO: Adler Planetarium. 900 E. 
Achsah Bond Dr., Chicago 5, IIl., Wabash 
2-1428. 

ScHEDULE: Monday through Saturday, 
11 a.m. and 3 p.m.; Tuesday and Friday, 
8 p.m.; Sunday, 2 and 3:30 p.m.; Tuesday 
through Friday, 10 a.m., special school pro- 
gram. Zeiss projector. Acting director, Rob- 
ert I, Johnson. 

COLORADO SPRINGS: Academy Plan- 
etarium. U. S. Air Force Academy, Colorado 
Springs, Colo., Granite 2-2779. 

ScHEDULE: Wednesday, 8 p.m.; Satur- 
day, 2:30 p.m. (except November 14th, 21st, 
and 28th); Sunday, 2 and 3:15 p.m. Ad- 
mission free. Spitz Model B projector. Di- 
rector, Maj. Richard J. Pfrang. 

DALLAS: Dallas Planetarium. Dallas 
Health Museum, Fair Park, Dallas 10, Tex., 
HA 8-8351. 

ScHEDULE: Saturday and Sunday, 3 p.m. 
Spitz projector. Planetarium educator, Mrs. 
Claudia Robinson. 


DENVER: Denver Museum of Natural 
History Planetarium. City Park, Denver, 
Colo., East 2-1808. 

SCHEDULE: Saturday and Sunday, 1 to 
4:30 p.m. Spitz projector. Curator, W. R. 
Van Nattan. 

FLINT, MICH.: Robert T. Longway 
Planetarium. Flint Junior College, 1310 E. 
Kearsley St., Flint 3, Mich., Cedar 8-1631. 

ScHEDULE: Tuesday through Sunday. 
8 p.m.; Saturday and Sunday, 2 p.m. Spitz 
Model B projector. Director, Maurice G. 
Moore. 

FT. WORTH: Charlie M. Noble Plane- 
tarium. Ft. Worth Children’s Museum, 1501 
Montgomery, Ft. Worth, Tex., PE 2-1461. 

ScHEDULE: Tuesday through Friday, 4:15 
p.m.; Saturday, 11 a.m., 2:30 and 3:30 
p.m.; Sunday, 2:30 and 3:30 p.m. Spitz 
projector. Supervisor, Norman C. Cole. 

INDIANAPOLIS: Holcomb Planetarium. 
Butler University, Indianapolis 7, Ind. 

SCHEDULE: Saturday and Sunday, 4 and 
8 p.m. Spitz projector. Director, H. Crull. 


KANSAS CITY: Kansas City Museum 
Planetarium. 3218 Gladstone Blvd., Kansas 
City 23, Mo., Humboldt 3-8000. 

SCHEDULE: Saturday and Sunday, 3 p.m. 
Spitz projector. Director, Wilber E. Phillips. 

LANCASTER, PA.: North Museum and 
Planetarium. Franklin and Marshall College, 
Lancaster, Pa. 

SCHEDULE: Tuesday and Thursday, 8 
p.m.; Saturday and Sunday, 2 and 3 p.m. 
Admission free. Spitz projector. Curator, 
John W. Price. 


LAQUEY, MO.: Tarbell Planetarium. 
Inca Cave Park, Laquey, Mo. 

SCHEDULE: Sunday, 1 to 6 p.m., con- 
tinuous. Spitz projector. Director, E. D. 
Tarbell. 


LOS ANGELES: Griffith Observatory 
and Planetarium. Griffith Park, P. O. Box 
27787, Los Feliz Station, Los Angeles 27, 
Calif., Normandy 4-1191. 

ScHEDULE: Daily (except Monday), 3:30 
and 8:30 p.m.; also 2 p.m. Saturday and 
Sunday. Zeiss projector. Director, C. H. 
Cleminshaw. 


MINNEAPOLIS: Science Museum. Min- 
neapolis Public Library, 1001 Hennepin 
Ave., Minneapolis 3, Minn. 

SCHEDULE: Saturday, 10 a.m. and 2 p.m. 
Admission free. Spitz projector. Planetarium 
director, Mrs. Maxine B. Haarstick. 


NASHVILLE: Sudekum Planetarium. 
Children’s Museum, 724 2nd Ave. S., Nash- 
ville 10, Tenn., Chapel 2-1858. 

SCHEDULE: Sunday, 2:45, 3:30, 4:15 
p.m. Spitz projector. Director, Jacqueline 
Avent. 


NEWARK: Newark Museum Planetar- 
ium. 49 Washington St., Newark 1, N. J., 
Mitchell 2-0011. 

ScHEDULE: Saturday, Sunday (except 
Ist Sunday of month), and holidays, 2:30 
and 3:30 p.m. Admission free. Spitz pro- 
jector. Supervisor, Raymond J. Stein. 
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NEW YORK CITY: American Museum- 
Hayden Planetarium. 81st St. and Central 
Park West, New York 24, N. Y., Trafalgar 
3-1300. 

ScHEDULE: Monday, 2 and 3:30 p.m.; 
Tuesday through Friday, 2, 3:30 and 8:30 
p.m.; Saturday, 11 am., 1, 2, 3, 4, 5 and 
8:30 p.m.: Sunday and holidays, 1, 2, 3, 4, 


5 and 8:30 p.m. Zeiss projector. Chair- 
man, J. M. Chamberlain. 
PHILADELPHIA: Fels Planetarium. 


Franklin Institute, 20th St. at Benjamin 
Franklin Parkway, Philadelphia 3, Pa., Lo- 
cust 4-3600. 

ScHEDULE: Tuesday through Sunday, 3 
p.m.; Saturday, 11 a.m.; Saturday, Sunday, 
and holidays, 2 p.m.; Wednesday and Fri- 
day. 8 p.m. Zeiss projector. Director, I. M. 
Levitt. 

PITTSBURGH: Buhl Planetarium and 
Institute of Popular Science. Federal and 
West Ohio Sts., Pittsburgh 12, Pa., Fair- 
fax 1-4300. 

ScHEDULE: Daily, 2:15 and 8:30 p.m.; 
also at 11 a.m. Saturday and 4:15 p.m. 
Sunday. Zeiss projector. Director, Arthur L. 
Draper. 

PROVIDENCE: Roger Williams Plane- 
tarium. Roger Williams Park Museum, 
Providence 5, R. I., Williams 1-5640. 

ScHEDULE: Saturday, 3 p.m.; Sunday 
and holidays, 3 and 4 p.m. (Oct. 1-May 30). 
Admission free. Spitz projector. Director, 
Maribelle Cormack. 


SAN FRANCISCO: Morrison Planetar- 
ium. California Academy of Sciences, Gold- 
en Gate Park, San Francisco 18, Calif., 
Bayview 1-5100. 

SCHEDULE: Daily (except Monday and 
Tuesday), 3:30 and 8:30 p.m.; also 2 p.m. 
Saturday, Sunday, and holidays. Academy 
projector. Curator, George W. Bunton. 

SAN JOSE, CALIF.: Rosicrucian Plane- 
tarium and Science Museum. Park and Nag- 
lee Aves., San Jose, Calif. 

SCHEDULE: Sunday and Wednesday, 2 


and 3:30 p.m. Spitz projector. Director, 
Rodman R. Clayson. 
SANTA BARBARA, CALIF.: Gladwin 


Planetarium. Museum of Natural History, 
2559 Puesta del Sol Rd., Santa Barbara, 
Calif., WO 6-6720. 

SCHEDULE: Ist and 3rd Monday, 3 p.m.; 
2nd and 4th Thursday, 8 p.m. Admission 
free. Spitz projector. Lecturer, C. Adair. 


SPRINGFIELD, MASS.: Seymour Plan- 
etarium. Museum of Natural History, 
Springfield 5, Mass. 

ScHEDULE: Tuesday, Thursday, and Sat- 
urday, 3 p.m.; also 8:30 p.m. Tuesday; 
special star stories for children, Saturday, 
2 p.m. Admission free. Korkosz projector. 
Director, F. Korkosz. 

STAMFORD, CONN.: Edgerton Plane- 
tarium. Stamford Museum and Nature 
Center, Stamford, Conn., Davis 2-1646. 

ScHEDULE: Saturday, 11 a.m.; Sunday, 
4 p.m. Spitz projector. Director, Ernest T. 
Luhde. 
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“About a month ago an astronomical group bad a number of telescopes set up for 


a public viewing of the moon and planets. There were several refractors of 4 and 
5 inches and a 12-1/2-inch reflector. I looked through them all and then set up 


my Questar. I nas very pleased with nbat I san. None of the other instruments 


seemed to produce the image my Questar did. I am very pleased mith tts perform- 


ance, and I am sure no other telescope 1s so easy to carry and set up and use.” 


It is very pleasant to receive a phone call 
from a Questar owner several hundred miles 
distant who says nice things like this about 
our product. It happens, however, with a 
frequency we find most gratifying. On this 
agreeable occasion last June we made bold 
to ask Mr. Jones if we could quote him in 
some way, to which he replied that he would 
put it in writing at once, and would be most 
pleased to have us use it as a signed testi- 
monial. 


That is how this ad commenced. Mr. Jones 
became a Questar owner early this year, and 
very quickly found himself taking excellent 
pictures, like the one above of the central 
portion of the moon. The exposure was 4 
seconds, on 35-mm. Panatomic film, de- 
veloped in Ethol. An inexpensive Praktica 
camera body was used, with eyepiece pro- 
jection by our standard dual-purpose cou- 


pling which permits great increases in either 
photographic focal length or visual power. 
This coupling is shown on page 26 of the 
Questar booklet. 


At right is Questar, with a Hexacon 
camera, attached to a black-anodized auxil- 
iary base plate, which is, in turn, supported 
by the new Linhof Heavy Duty Pro Tripod 
and Deluxe Pan Head. This is the wonder- 
ful new tripod about which we are so en- 
thusiastic, for it is the first one we can en- 
dorse wholeheartedly. Old friends will recall 
our reservations about the stiffness of the 
previous Linhof tripod when fully extended. 
This one is adequately steady at all heights, 
looks as though it were made for Questar, 
and costs only $139.50, which is $30 less 
than its predecessor. Weighs only 17 pounds, 
has new quick leg adjustments, removable 
braces, and folds to only 36 inches. Big 





—S. Paul Jones, Louisville, Kentucky 


rubber tips screw down to keep the leg 
spikes from hurting people, floors, or cars. 

The new Deluxe Pan Head is better than 
ever, and costs $59.95. Note how entire 
instrument is offset, with nothing near the 
camera. In southerly latitudes, where the 
polar axis nears the horizontal, such a sup- 
port is hard to beat. 

Questar is priced at $995, postpaid, com- 
plete with English leather case and luggage 
cover. It is mailed in a shockproof reusable 
Leverpak drum. Literature will be sent upon 
request. Extended payments are available. 


c@liteets 


NEW HOPE - PENNSYLVANIA 
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“See-thru” 


STAR MAPS 


Luminous stars printed on clear plastic 
make star identification easy by direct 
comparison of ‘See-thru’’ map and sky. 
Twelve maps systematically cover entire 
sky. All navigational stars included 
from the American Ephemeris (1960 
co-ordinates). Unique constellation fig- 
ures using straight lines. Gnomonic 
projection. . 


Set of 12 maps .......... $4.95 ppd. 
BRODER MAPS 


1368 McAllister St., San Francisco 15, Calif. 
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THE ASTRONOMER KIT 


FOUCAULT TESTER, in its entirety, with light 
source, knife-edge, measuring scale 

PYREX MIRROR BLANK 

NEW, NONVITRGOUS TOOL, faster, smoother, 


more accurate 
SEVEN ABRASIVES for greater safety and speed 
CERIUM OXIDE for fast, clean polishing 
SPECIAL OPTICAL PITCH to minimize danger of 
turned-down edge 
MAGNIFYING LENS, essential in mirror grinding 
DETAILED, ILLUSTRATED INSTRUCTIONS, “Mirror 
Making in the Kitchen’’ 
(Starred items exclusive with The Astroaomer Kit) 
NE | EE re eer .$15.00 ppd. 
44-inch. ..$11.50 ppd.; 8-inch...$24.50 ppd. 
Rare. $6.00 
Money-back guarantee. 
New catalogue available soon. 


ASTRONOMY, inc. 
Suite 305, American National Bank Bldg. 
Denver 2, Colorado 








OBSERVER’S PAGE 


Universal time (UT) is used unless otherwise noted. 


OBSERVING THE MOON — PARRY AND BONPLAND 


OCATED within the broad level ex- 
panse of Mare Nubium, Parry and 
Bonpland are members of a chain of 
ruined craters extending from Fra Mauro 
on the north to Guericke on the south. 
This group is seemingly older than much 
of the lunar surface as we now see it. 
While showing some traces of their former 
imposing magnificence, all of these forma- 
tions are in some degree dilapidated. 
Parry is 28 miles in diameter, according 


The lunar craters Parry 
(left) and Bonpland, 
drawn by Alika K. Her- 
ring on June 26, 1958, 
at 4:50 Universal time. 
He used a 12}-inch re- 
flector with a power of 
228x. Sunrise on_ this 
portion of the moon’s 
surface had occurred 
about 16 hours before. 
South is at the top, east 
to the right. 








The NEW FI-NIS Off-Axis Catadioptric Telescope 











RON LABORATORY 


for the discriminating 
amateur astronomer 


utilizes a Schmidt-type, off-axis correct- 
ing lens finished to the highest tele- 
scopic accuracy 


To achieve unexcelled optical resolu- 
tion, with image quality matching that 
which is theoretically possible for its 
aperture. 


This new telescope, embodying a de- 
sign never before commercially available, 
enables the realization of a rugged, 
closed-tube construction whose parts are 
solidly and permanently aligned — in- 
cluding the built-in wide-field finder. 


Its 41-inch aperture is entirely free 
of obstructions — its image completely 
achromatic. The flawless color fidelity 
and brilliant contrast are striking at 
first glance — a result of its well-made 
off-axis construction. This is a really 
different telescope. 


The price, without mounting, is pres- 
ently $400.00 subject to quotation. 
Write us for detailed information. 


Other products: SOLA-FIL — an unusual 
solar filter 


TELEWIN — a precision 
window for 
reflecting telescopes 


Box 25, D. V. Station 
Dayton 6, Ohio 
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to J. Young’s measurements, and is notice- 
ably hexagonal in shape. Its walls for the 
most part are low, and are broken by 
several passes from the interior to the 
surrounding plain, the widest being on 
the west and north. The eastern wall is 
highest, forming a ridge that separates the 
floor from that of Bonpland. This ridge 
has several peaks reaching heights of per- 
haps 5,000 feet or more; a small, deep 
crater at its southern end is labeled Parry 





E in the International Astronomical 
Union’s lunar atlas. 

Bonpland, 37 miles across, is somewhat 
larger than Parry and has apparently 
suffered more erosion. The walls are 
lower, particularly on the east, where they 
degenerate into a broken chain of little 
hills. The approximate circularity of the 
formation (its outline has indications of 
polygonal structure) is broken by a large 
bay on the southwest. This was perhaps 
an ancient crater that once formed a com- 
plete ring, but the north and east walls 
are now missing, and I have been unable 
to detect the least trace of them. 

The interiors of Parry and Bonpland 
are crossed by many rills that form part 
of a much more extensive system. One 
easily seen cleft enters Parry through a 
pass in the west wall, runs diagonally 
across its southern floor, and bends sharp- 
ly southward to emerge through an open- 
ing in the south wall. 

Another conspicuous cleft crosses this 
crater in a north-south direction near its 
east wall, and passes through Parry E. 
A northward extension cuts through the 
wall, and runs for some distance across 
the floor of adjoining Fra Mauro. The 
southward extension across the bay in 
Bonpland was hidden by the shadow of 
the wall at the time my drawing was 
made. South of Bonpland, this cleft con- 
tinues some distance across the plain to 
end at a small crater which is designated 
A on H. P. Wilkins’ map. 








These are easy rills, and should be 
readily visible in 3- or 4-inch telescopes. 
Another, more difficult cleft traverses the 
eastern side of Parry’s floor in a wide 
semicircle, concentric with the wall. To 
be well seen, this very delicate cleft re- 
quires fairly large apertures, optimum 
seeing and illumination. It is a test ob- 
ject for an 8-inch telescope. 


The most conspicuous cleft in Bon- 
pland crosses the floor centrally from 
south to north, beginning in the plain 
to the south at a craterlet marked C on 
the Wilkins map. North of the midpoint 
of Bonpland the cleft narrows and _ be- 
comes difficult to see, but can be traced 
as far as the north wall. Near there, it 
is crossed by a delicate cleft originating 























The area of Parry, Bon- 
pland, and Fra Mauro 
is shown here in a re- 
production of part of 
H. P. Wilkins’ 300-inch 
map of the moon. South 
is at the top, and the 





grid spacing is 0.02 of 

the moon’s radius. Com- 

pare the cleft pattern 

with that in the draw- 
ing opposite. 











White WINDMASTER 


No. 409. Two matching dials, with 514” mounting 
diameter, show wind speed up to 120 miles per hour 
and wind direction around full 360°. Speed dial has 
HI-LOW range switch and is self-powered. Direction 
dial has ON-OFF switch and requires either 110 volts 
a.c. or 6-volt battery. Complete with 5’ mast, 60’ 
cable, and hardware. Available in brass or chrome. 


$122.50 





Units available separately: 
Speed, $55.00 Direction, $67.50 


Write for complete catalogue. 


SCIENCE ASSOCIATES 


Astronomy/Teaching Aids 














Instruments/Weather ° 


194 Nassau St., P. O. Box 216, Princeton, N. J. 





















MAIN TUBE 
6X FINDER 
EYEPIECE 


NS 





Now ... a 2.4-inch refracting telescope with the precision qualities 
of much larger instruments, that will enable you to explore the depths 
of space, to see the rings of Seturn, the craters of the moon, the 
belts of Jupiter and many double stars! When you observe terrestrially 
with the Space Scope, you can make out human figures at distances 
up to 24 miles, distinguish a person’s general appearance at 6 miles, 
and make an individual identification at 2/2 miles. 

OBJECTIVE LENS . . . hard-coated Fraunhofer type. Over-all diameter, 
62.5 mm.; clear aperture, 60 mm. Astronomical eyepieces: 151x 
Huygenian-Mittenzwey, 73x Huygenian-Mittenzwey, 35x Kellner, 
28x Achromatic Huygenian. Terrestrial eyepiece: 30x. 

COMBINATION ALTAZIMUTH-EQUATORIAL MOUNT enables scope to be 
used as an altazimuth or an equatorial instrument. It has three 
axes, giving horizontal motion if desired, as well as slow motions 
in right ascension and declination. 

DIAGONAL PRISM (right angle) permits greater ease in astronomical 
observations. 

ACCESSORIES include sunglass, 6x finder with crosshairs, 10-cm. sun 
projection screen, equipment tray. Scope is about seven feet high 
when fully extended. Complete with hardwood carrying case and 
10-page instruction folder. 


REGULARLY $89.50 S$ 6 9. 5 0 


TO ORDER: Send check or money order. Shipped freight col- 
lect. For C.0.D. send 1/3 deposit or more. Calif. resid. add 4% 
state tax. 10-day money-back guarantee applies to everything. 


COMBINATION 
MOUNT 





SUN SCREEN 
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You'll find these 
fully professional features 
in every Custom DYNASCOPE®! 


@ Exquisite optical systems, fully 
achromatic and corrected to meet the 
most critical research standards. 


@ Massive equatorial mounts that 
provide exceptional stability and em- 
body the latest mechanical refine- 
ments for ease of operation. 


@ Full sets of matched orthoscopic 
and achromatic eyepieces with wide 
flat fields sharp to extreme edges. 


@ Needle bearings carefully fitted on 
substantial shafts to assure move- 
ments so fine that they equal the ease 
and precision of a fine watch. 


@ Lifetime materials throughout, for 
atmospheric resistance and dimen- 
sional stability. 


@ Fully rotating tubes, with counter- 
poise to provide perfect balance dur- 
ing rotation. 


@ Rotary secondary supports to min- 
imize diffraction. 


@ Exclusive Dyna-mesh rack and 
pinion focus for smoother, more ac- 
curate focusing action. 


@ Two-way pier tripods (Pat. Pend- 
ing) in 6-inch and 8-inch models. 45- 
pound pier can be mounted perma- 
nently. Portable tripod is instantly 
removable for field trips. 


@ Highly accurate electric drives, 
free from backlash, with fully com- 
pensating clutch. 


@ 8x50 coated achromatic finder- 
scopes with crosshairs and extra- 
large 6° fields, 


@ 7”-diameter setting circles spoked 
for easy setting. Graduated with ver- 
niers. 


@ Fully adjustable to all latitudes. 


















This Deluxe 6-inch model 


its massive 45 lb. pier 


in your choice of 
6”-8”-10”-12”-16” models 


Every Custom DYNASCOPE -— from 6” to 16” — is designed and 
built to meet such high standards and exacting specifications that it 
is the overwhelming choice of schools, colleges, universities, and 
many well-known professional astronomers. Each of these magnif- 
icent instruments incorporates features that are years ahead in 
optical engineering, yet based on time-tested principles. Each is 
painstakingly produced and assembled by craftsmen who put careful 
workmanship before speed. Each is required to pass, flawlessly, a 
long series of rigid performance and operational tests. Nothing is 
overlooked to make sure that these superb telescopes are the finest 
in their class, regardless of price. Whichever size you select, we 
guarantee that it must measure up to this standard or your purchase 
price will be refunded in full. You can order with absolute confi- 
dence ... and with the exciting expectation of new thrills and new 
experience ahead. 

Ask About Our “‘Easy-To-Own” Payment Plan 


YOURS FREE: This Colorful Brochure 
Before you decide on any telescope, send today for this 
fascinating new booklet that gives you the full specifica- 
tior.s and prices of all Custom DYNASCOPES, plus helpful 
information to guide you in selecting your next telescope. 
A postcard will bring your copy FREE! 








6-INCH STANDARD DY¥NASCOPE° 


As Above But Without iy a Clock 


6-INCH DELUXE DYNASCOPE® 


has removable tripod inside 


00000000000000000000000000/F 


DYNASCOPES 











$475 complete 1.0.b. Hartford, shipping Wt. 150 Ibs. 







Drive, Setting Circles and Pier 
f.o.b. Hartford, Shipping Wt. 80 Ibs. 


CRITERION Manufacturing Co. - MANUFACTURERS OF QUALITY OPTICAL INSTRUMENTS 
Dept. D-31, 331 Church St., Hartford 1, Connecticut 


©Copyright 1959 Criterion Mfg. Co. ®TM Registered U.S. Pat. Office 


$265 complete 
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on the northeast part of the floor. After 
the intersection, this second one makes a 
sharp bend to the northwest, passing 
through the wall onto the floor of Fra 
Mauro. 

Another easily seen cleft starts just 
south of Parry E and extends southeast- 
ward across the bay in Bonpland, but 
before reaching the wall it narrows and 
disappears on the floor. 

Many other fine details are contained 
inside Parry and Bonpland, but are well 
seen only when thrown into strong re- 
lief by grazing solar illumination. Besides 
a number of small craterlets and hills, 
there are some very low ridges, generally 
oriented north and south. Of special 
interest is the curiously curved row of 
several saucerlike depressions, lying mid- 
way between the center and_ northeast 
wall of Bonpland. 

ALIKA K. HERRING 
1312 Arlington Ave. 
Anaheim, Calif. 





NEW VARIABLE STARS 

Two recently discovered variable stars 
are bright enough for profitable observa- 
tion in binoculars. One of them is HD 
186776, in Cygnus at 19" 43™.1, +40° 36’ 
(1950 co-ordinates), a 6th-magnitude ob- 
ject which varies by 0.7 magnitude. The 
other is HD 203378, in Cepheus at 21" 
18™.2, +55° 14’, which varies by 0.5 
magnitude around an average value of 7. 

Both stars are red, of spectral type M, 
and have light curves like that of Mu 
Cephei, according to the discoverer of 
their variability, W. Strohmeier of Remeis 
Observatory at Bamberg, West Germany. 
He first noted them while comparing pa- 
trol photographs. The two objects are 
shown in the Skalnate Pleso Atlas of the 
Heavens, and the first is noted as red in 
Norton’s Star Atlas. 


OBSERVATIONS OF A NOVA 
IN OPHIUCHUS 

Discovery of an 8th-magnitude nova in 
Ophiuchus by G. Haro, of Tonanzintla 
Observatory in Mexico, was reported on 
page 343 of the May, 1958, issue of Sky 
AND TELEscopE. With the aid of the pho- 
tograph of the region published with that 
announcement, I found it easy to locate 
the star and follow its light changes 
visually. 

Between June and November, 1958, the 
nova showed well-marked oscillations in 
brightness, between magnitudes 11 and 
121. By February, 1959, when the star 
could again be observed in the morning 
sky, it was magnitude 13, fading very 
gradually to 134 by the beginning of Sep- 
tember. These observations will be pub- 
lished in detail in a Circular of the varia- 
ble star section of the Royal Astronomical 
Society of New Zealand, after accurate 
magnitudes for the comparison stars be- 
come available. ALBERT F. JONES 

40 Trafalgar St. 


Timaru, New Zealand 














Read This Advertisement 


Here is a combination of a Barlow and a particular ocular which gives outstanding results. 


It consists of our new Barlow and our 16.3-mm, (%” focal length) Erfle eyepiece. 
Barlow was not specifically designed to work with this eyepiece, 
All images are sharp and hard to the very edge of the field. 
The Barlow gives magnification up to slightly over three times that of the ocular alone. 
It is achromatic, coated, and mounted to the U. S. 
has a field of 75 degrees with 
combination gives the equivalent focal length of slightly under 6 millimeters. 


degree. 


The modified Erfle eyepiece 


While the 


it does so to an astonishing 


standard size of 1.250 inches. 
excellent eye relief. The 
Many users state it 


is far superior to any shorter focal length ocular of equivalent magnification. 
The Barlow sells for $16.00 postpaid, and the Erfle for $14.75 postpaid. Both are guaran- 
teed to perform as stated above or money refunded. 


ORTHOSCOPIC OCULARS—AIll hard coated, standard 11/4-inch outside diameter. 


DEW oscsbcchccsecs $15.00 
16.3-mm. (Erfle) .... $14.75 


wi copt cS 


1000 North Seward Street 
Los Angeles 38, Calif. 


7-mm. 


WONG sec cececcccsccks $16.25 


Finished mirrors, 


GEE si cidiciscintics $17.25 
Barlow 3x $16.00 


dasesteceed $17.25 


Warranted to equal or surpass any oculars obtainable 


anywhere or money refunded. 


spiders, elliptical flats, 
aluminizing. 


mirror kits, 
focusing devices, 


Send for catalogue. 














EXTRA-THICK PYREX ELLIPTICAL DIAGONALS 


Aluminized with quartz over-coat 





SCHOTT-JENA OBJECTIVE BLANKS 


Made by Jena Glass Works, 
consists of one crown-glass blank, 1.516 refractive 
index for sodium light and 64.0 dispersion, and 
one flint-glass blank, 1.620 refractive index and 
36.3 dispersion. 


Germany, each pair 


Diam. Grade A Grade B Diam. Grade A Grade B 
ss $23.10 $12.10 614” $ 84.70 $46.20 
4” 29.70 15.90 ie 104.00 57.20 
> 38.50 20.90 7144” 242.00 -— 
514” 52.80 28.60 8” 297.00 _ 
as 63.80 35.20 


Grade A blanks are fine annealed and tested for 
striae — the best grade they make. Grade B are 
cast glass which may contain some fine striae. 

Four formed steel tools cut to your radius speci- 
fications on order for approximately $30 in 5” 
diameter to $75 in 8” diameter. 


COATED ACHROMATIC TELESCOPE 


40-mm. aperture, 20x 
magnification with 2-de- 
gree field. Fainter than 
10th-magnitude stars visi- 
ble — better than 3 sec- 
onds of arc resolution! 
Makes a superb spotter 
for the beginner — better 
than a field glass. Mounts 
and dismounts on small 
tripod with ease. Readily 
adaptable for use as finder 





scope. Complete with 
— prisms and tri- 
po 

$16.95 ppd. 


BAUSCH & LOMB RED ROUGE 


This is a fine red rouge which is sold only in 
factory-sealed cans. For clubs, makers of large 
mirrors, and commercial use, where a = -quality 
polish is desired. 5-lb. can, $8.00 packed, ppd. 


CERIUM OXIDE 


Optical grade for fast-polishing action. Use 3 or 4 
ounces for 6” mirror. In sealed plastic bag. 
25¢ per ounce 


Fine annealed Pyrex. Minor- and 
major-axis tolerance, 45 degrees 
+ 5 minutes. Angular dimen- 
sions, +0%, —'4%. Flatness, 
1g -wave- length sodium light. 
Surface quality, pitch polished, 
free of significant chips, scratches, 
pits, or bubbles. 


Minor Thick- Polished Unpolished 
Axis ness blank blank 
14” 4” $8.00 $2.15 
14,” 4" 10.00 3.33 
2” V4" —- 14.95 4.50 
23%,” 3” 17.95 5.40 
2%,” 4" 23.95 7.25 


Discounts to quantity purchasers. 


SLIDE FOCUSER 


Completely new, never of- 
fered before. Highly rec- 
ommended for small re- 
flectors, economical yet 
durable and light. Frame 
is made of accurately 
spot-welded steel which 
is plated and has mount- 
ing holes. Aluminum tube 
takes 114” eyepieces — is 
highest quality  obtain- 
able commercially with 
extra thickness. Long- 
lasting construction. 15- 
day-refund guarantee. 
$2.95 ppd. 





MIRROR CELLS 


Solid cast aluminum, 
fully adjustable, painted, 
| complete and ready to 
: use. Shipped postpaid. 


a cd 





6” mirror cell for 7” or larger tube ........ $ é 75 
8” 9Y, ” +e we 8.95 
10” 1134” 15.95 
1214” 1414” 20.95 


BULK GRINDING ABRASIVES 


This fast-cutting aluminum oxide has shaped grains 
that bite into the work for minimum grinding ef- 
fort. It is tougher and stands up longer under 
severe usage. Excellent for both hand- and 
machine-grinding. Individually packaged quanti- 
ties for shipment. 


Grain size 5 Ibs. 25 Ibs. 50 Ibs. 100 Ibs. 
#60 $2.25 $10.00 $16.00 $25.00 
#150 2.50 11.25 19.00 35.00 
#220 2.85 13.00 23.00 40.00 


All quantities shipped express collect. 


Write for free catalogue. 


NYE opticat co. 


2100 Cherry Avenue, Long Beach 6, Calif. 


Telephone: GEneva 9-1373 


Store hours: Daily, 9 a.m.-5:30 p.m.; Saturday, 9 a4.m.-2 p.m. 
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Frontiers are 
extended by 

the practical 
visionary 


Appointments at APL offer 
exceptional opportunities. For detailed information, 


address your inquiry to: 


Professional Staff Appointments 


It is the practical visionary who has given us much of what 
we enjoy today. And it will be the visionary—the man with 
ability to seek concepts beyond the existing limitations of science 
—who will guide our developments of tomorrow. 


The Applied Physics Laboratory (APL) of The Johns Hopkins 
University seeks men who will be engaged in advanced research 
problems—who will find solutions to problems yet to be posed. 
Their findings will provide guidelines for the space and missile 
hardware research of the future. 


Your endeavors will be heightened by the professional atmos- 
phere of APL. This atmosphere, created by men dedicated to 
the furtherance of science, has earned APL a reputation as a 
leader in programs vital to the national security. 


The Johns Hopkins University 
Applied is hysics Laboratory 


8635 Georgia Avenue, Silver Spring, Maryland 
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ASTRONOMICAL SEEING 


VERY OBSERVER with a 3-inch tele- 

scope or larger is uncomfortably 
aware that on some nights the moon, 
planets, or close double stars do not yield 
satisfactory images. The user of binocu- 
lars, however, generally has sharp, clear 
views, even when his colleague with a 
powerful telescope complains of poor 
seeing. 

The term seeing is used to indicate the 
departure of the telescopic image from 
its ideal form. A commonly employed 
seeing scale ranges from 0 (hopelessly 
blurred) to 10 (perfect in every way). 
Thus, seeing 5 characterizes average con- 
ditions, in which a fair-sized amateur 
telescope will show considerable detail on 
Mars or Jupiter, but with enough atmos- 
pheric disturbance to prevent fully ef- 
ficient use of a good optical system. How- 
ever, all experienced planetary observers 
will bear poor-to-average seeing for hours 
on end in order to enjoy the brief mo- 
ments when the image steadies down, 
permitting full exploitation of the tele- 
scope. 

Ideally, a lens or mirror brings rays 
from a point on a distant object to a 
point in the focal plane of the telescope. 
Air, being a refracting medium, affects 
the path of the light rays according to 
its density, and is as much a part of the 
optical system as the telescope itself. 
Anything that alters the homogeneity of 
the long column of air through which the 
telescope looks will distort the path of 
the light rays. 

For the purposes of the visual or pho- 
tographic observer, three distinct types of 
seeing (I, II, and III) may be distin- 
guished, but they can also occur in combi- 
nation. ‘This threefold classification is 
helpful in analyzing what can be done 
about seeing, for it is one of the knottier 
problems facing the practical observer. 

In poor seeing of type I, the image 
changes rapidly, and small objects such as 
stars or Jupiter’s satellites occasionally 
appear double or triple. On the moon 
or planets, the disk may show two or 
more distinct boundaries rapidly moving 
or vibrating, and surface detail seems 
jumpy. In addition, an out-of-focus image 
of a bright star shows boiling or moving 
streakiness. 

The cause of these phenomena is air 
currents within or very close to the tele- 
scope, with a wave length of about one- 
tenth to one-half the diameter of the mir- 
ror or objective. These moving inhomo- 
geneities within the optical path prevent 
rays from all parts of the mirror or ob- 
jective from reaching the focus simul- 
taneously. The effect is much as if the 
telescope consisted of several small mir- 
rors in relative motion. When this trouble 
is present, photographic work of any 
delicacy is out of the question, no matter 
how short the exposure. 

Type-II seeing is characterized by 
images that are steady but blurred or 


fuzzy. There is poor contrast on ex- 
tended surfaces, and star images appear 
swollen, often to several times their 
theoretical size. 

Usually type-II poor seeing results 
from air currents outside the telescope 
tube, but low-lying and often in fairly 
rapid motion. The wave lengths of these 
disturbances are small, perhaps less than 
half the diameter of the mirror or lens. 
These conditions may arise during the 
night cooling of air, when stable tempera- 
ture layers dissipate in the presence of 
natural or artificial objects having dif- 
ferent cooling rates (houses, rocks, pave- 
ment). A change of wind direction with 


increasing altitude may produce the same 
effect, if the vertical temperature gradient 
is steep. The passage of weather fronts 
often produces violent type-II disturb- 
ances. Under such conditions, lunar or 
planetary photography would be hope- 
less for any observer. 


Finally, in seeing of type III the images 
are sharp but somewhat unsteady. A star 
image is crisp and clear, yet in motion; 
the edge of the moon ripples to some 
degree, although it is sharply defined. 
These are the effects of high-level atmos- 
pheric inhomogeneities, whose wave 
lengths are large compared with the 
aperture of the telescope, perhaps three 
or four times as large, or more. When 








say that this is not the case. 


better viewing. 


Cal-~Ad stro 


SEE MORE WITH YOUR TELESCOPE 


Recently a customer purchased a new Cal-Astro 8” f/7 mirror and diagonal to replace those in the 
telescope he was then using (a widely advertised American make). 
. . . looking at Saturn last night, using a 4-mm. eyepiece (about 360 power) . . . Cassini’s 
division was so black and sharp it could have been painted on with black paint. .. . 

. . . Some of the amateur astronomers | have talked to have the opinion that a mirror of 
extra-high quality is only of value when the seeing is unusually good. . . . | can positively 

The performance is better regardless of the seeing, and | 
think that anyone who is really interested in astronomy and does not get the very best 
mirror he can get is doing himself an injustice. (Name and address of writer upon request.) 


If you are not satisfied with the present performance of your telescope, let Cal-Astro help you to 


WRITE TODAY FOR ADDITIONAL DETAILS. 


After testing he writes in part: 


30 North San Gabriel Blvd. 





Optical 


Laboratories 
Since 1947. Owned and operated by Leland S. Barnes. 


PASADENA, CALIFORNIA 
Phone: SYcamore 2-8843 








charge for any time and place. 


inches in diameter (preferably of aluminum). 


aines 








SPECIAL: Your Local Sidereal Time will be computed at your request free of 
Tell us your longitude, or write for instructions. 


FOR THE STUDY OF CELESTIAL CO-ORDINATES and QUICK location and identification of celestial bodies, 


equip your telescope mounting with large co-ordinate circles. 
We graduate them by AUTOMATIC MACHINE, accurate to 


within 2 or 3 seconds of arc, to mark single minutes of right ascension and sidereal time and 15 minutes 
of arc in declination. Our 16-inch circles with verniers will give single minutes of arc for the declination 
and 4 seconds for sidereal time and right ascension. Write for prices and instructions on how to proceed. 
The 21-inch circles are readily adaptable to radio telescopes. 


SCIENTIFIC INSTRUMENTS 


Box 171, Englewood, New Jersey 


HAINES ELECTRIC SIDEREAL 
CLOCK 


The minute circle is 4 inches in diame- 
ter. The case is machined cast aluminum, 
polished and buffed; and the bronze bezel 
is polished and lacquered. Hour and 
minute hands are set with the knob at 
the bottom of the case. Computed ac- 
curacy is within 3.75 seconds a year slow 
(assuming the frequency constant). Please 
specify your current: 60-cycle, 110-volt; 
50-cycle, 110-volt; or 60-cycle, 220-volt. 


$53.00 


Two other sidereal clocks available: 
A. 8-inch-diameter dial (dimly illuminated 
from behind), which may be bolted to your 
telescope pier. B. 14-inch-diameter minute 
circle mounted in a 17-inch wooden case. 


USED AS A CHRONOGRAPH 


Record your observations of celestial 
phenomena with the Sidereal or Solar 
Clock and your tape recorder. Signals of 
every second, every minute, and every 
hour can be broadcast as desired, by 
means of additional devices built in the 
clock. Write for estimates. 


YOU SUPPLY THE CIRCLES, from 10 to 21 


Circles supplied if required. 
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U.S. SURPLUS BARGAINS 


IN HIGH-QUALITY OPTICAL PARTS AND EQUIPMENT 


BAUSCH & LOMB F/6 
AERO-TESSAR LENS | 


Focal length 24”. Com- 
pletely mounted with 4ris | 
ind shutter. Excellent for 
wide-field telescope. ] 
in excellent condition, 


Price $25 





WIDE-ANGLE ERFLE EYEPIECE 
(68° FIELD) 


lenses. 
aperture 


achromatic 


Coated optics 3 
1-13/16” 


1144” focal length, 


Price $12.50 








16-mm. AERIAL GUN 
CAMERA, MODEL AN-N6 | 


Takes standard 16- 
mm. magazine load 
(50") Operates at 
16, 32, or 64 frames 
per second. Complete 
with Wollensak Type 
Viens 1%,” (35 
mm.) f/3.5. Excel 
lent condition. Oper 
ates on 24-volt d.c 


Price $29.95 


TELESCOPE MOUNT 


Rotating yoke with 
micrometer positioning 
tightens onto any Y)” 
vertical shaft with a 
thumbscrew. Levels 
with built-in bubble; 
orients with built-in 
magnetic compass. 
Turned by knurled 
wheel on one end of 
worm shaft. A 1”. 
diam. micrometer-cali- 
brated wheel on other 
end divides each coarse 
hundredths. The coarse scale 





into 
divides each 180° into 32 parts, which, with the mi- 


azimuth unit 
standard gunnery circle of 
6,400 mils. A  direct-reading conversion graph of 
mils to degrees is furnished. Quick-disconnect lever 
disengages the worm for turning platform quickly. | 
Yoke will mount 5%” shafts 514” apart in split pillow | 
blocks 314” above platform. Bronze worm on a shaft | 
with a knurled wheel is mounted below the outside | 
of one pillow block. If the shaft through the block 
had a 2”-pitch-diam., 32-pitch single-thread, 64-tooth | 
right-hand gear, the worm would mate with it for | 
Price $5.00 


crometer, makes the 





controlled tilt. 


5” SCHMIDT 
ULTRA-HIGH-SPEED 
OBJECTIVE LENS SYSTEM 


Eastman Kodak infrared re- 
ceiver, formerly known as 
U. S. Navy Metascope, Type 
B. 7” long with 5” Schmidt 
ultra-high-speed objective lens 
(approx. £f/0.5). Elaborate 
optical system, many coated lenses. Uses two pen- 
light batteries. Gov't. cost, approx. $300.00. Factory- 
new. Shipping wt. 9 Ibs. Price $19.95 

Waterproof carrying case extra. Shipping wt., 3 lbs. 


Price $3.00 





NAVY INFRARED RECEIVER, 
TYPE C-3 


image from 
complete 


Produces visible 
infrared image in 
darkness. For seeing in dark 
with infrared light source. 
Nothing to wear out. Operates 
on two flashlight batteries. Has 
high-voltage power supply and 
image tube (1P25) and elaborate 





system. 


optical 
Weighs only 614 pounds and is only 11” long, 8” 
high, 5-12” wide. Manufactured by R. C. A. Objective 
f/0.9 Schmidt system, 2.4” focal length, 314” aperture. 


Excellent condition, with waterproof carrying case. 


Price $35.00 





INFRARED FILTERS 
Price $2.95 


” 


5%” diam. x 14” thick. 








SIMPLE DIFFERENTIAL WITH 
BALL-BEARING SUN GEARS | 


The 1:1 reverse ratio spur gears 
are 48-tooth, 32-pitch brass | 
with 3/16” available face. On 
one side the shaft is 23/64” | 
diam. for 11/16” and has a | 
pinhole, then increases in diam. 
to 0.377” for the remaining 
3/16” of length. On the other | 
side, the shaft is 0.377” diam. 14” long. 2-13/16” 
diam. is required to clear the body. Stock No. AG-115. 


Price $15.00 each | 


SIMPLE DIFFERENTIAL 
WITH SPACED-OUT 
SUN GEARS 


errs 1:1 reverse ratio 
SMM spur gears are alu- 
i minum, 3/32” face, 
32-pitch, 32-tooth 
one side, 48-tooth on 
the other. The body is #4” 
thick, but the sun gears are 
spaced out so that they are 144” apart. 4%4”-diam. 
shaft on each side is 23/32” long. 






Over-all length, 
3144”. Requires 1-23/32” diam. to clear the body. 
Stock No. A6-124. Price $4.50 each. 





VARIABLE-SPEED BALL DISK INTEGRATORS (All shafts ball-bearing supported) 


No. 145. 





- 


Forward and reverse 214-0-214. 
diam., #4” long. Output shaft 15/64” diam. x 15/32” long. Control shaft 11/32” | 


x 342” long. Cast-aluminum construction. Approx. size 3” x 3” x 234”. Price $17.50 | 


Input shaft spline gear 12 teeth 9/32” 


2" 


Control shaft 11/64” diam. x 11/16” long. 


4 aS No. 146. Forward and reverse 4-0-4. Input shaft 5/16” diam. x 34” long. Output 


shaft 15/64” diam, x 9/16” long. 


on | 


Cast-aluminum construction. Approx. size 414” x412"x4". Price $18.50 each. | 


Send full amount with order. All prices net f.o.b. Pasadena, Calif. No C.0.D.’s, please. 


2176 East Colorado St. 


C&H SALES CO. 0.1 sein, vs 
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poor seeing of this type is present, there 
can be appreciable positional errors on 
photographs, since image points separated 
by only a few seconds of arc may be dif- 
ferently refracted. 

Something can be done to combat the 
first two varieties of inferior seeing, but 
not the third. Seeing of type I generally 
results from faulty telescope design (for 
example, an uninsulated metal tube), 
heat from the observer’s body, or air cur- 
rents in or just above the tube. With a 
reflector, on very still nights, it is well to 
open the vents at the bottom of the tube 
for a while to get an approximation to 
thermal equilibrium, then close them 
to avoid slow convection currents in the 
interior of the tube. On windy nights, 
leave the vents open, as the gusts will 
prevent the formation of appreciable 
temperature gradients in the interior of 
the tube. 

In any event, telescope tubes are best 
made of material with low heat con- 
ductivity and low heat capacity, to keep 
rapid local variations of outside air tem- 
perature from being transmitted to the 
tube interior, and to minimize the amount 
of heat so transferred. It has often been 
found that the performance of a tele- 
scope with a metal tube is improved by 
applying an interior layer of insulation, 
a favorite material being sheet cork. 

An open or latticework tube may be 
helpful if it is rotatable, so that if the 
wind is behind the observer on a cool 
night, the tube can be turned to prevent 
his body heat from causing poor seeing 
of type I. However, the asymmetry of 
such a tube invites temperature gradi- 
ents, as its material loses heat by radia- 
tion, becoming cooler than the surround- 
ing air. 

Poor seeing of type II can sometimes 
be cured by moving the telescope to a 
better location. Removal of the instru- 
ment from a downslope site will avoid 
the typical night drainage of turbulent 
cold air. Getting away from a heated 
building may help. Other remedies will 
occur to the reader who considers his own 
observing situation. 

While nothing can be done about in- 
ferior type-III seeing, it often does not 
hinder delicate visual work. Photography 
is possible when these high-level disturb- 
ances are not too pronounced, if the ex- 
posure time is kept short compared to 
the period of rippling. 

In summation, it is plain that seeing 
of type I is to a large extent remediable, 
that II may sometimes be ameliorated, 
and that III is frequently not serious 
enough to impair visual and _photo- 
graphic observation. Of course, it will 
often happen that the seeing, despite all 
efforts, is just not good, in which event 
it is as well to go to bed and get a good 
night’s sleep! 

FRANK VAUGHN 
5801 Hammersley Rd. 
Madison, Wis. 








The only thing more amazing than its low price 
1s tts breathtakin 1g performance! 


e . Model RV-6 
See how this we Complete with Dyn-O-Matic 
1 Electric Drive and All Features 


Pictured and Described on This Page 


truly portable RV-6 
6-inh “~ “Ss 194" 
DYNASCOPE 


Shipping Wt. 55 lbs. 
can bring you new viewing pleasures! 


Express Charges Collect 
This new addition to the Dynascope line has won immediate recog- 
nition from schools, colleges, amateurs and professionals, as an out- 
standing achievement in a 6-inch telescope. Here is large aperture 
in a quality instrument which sells for a price that compares with 
many 4-inch telescopes. 


You will find that this fine new portable 6-inch offers every fea- 
ture necessary for serious astronomical viewing. The superb optical 
system resolves difficult objects with definition that is absolutely 
startling. The close tolerances of the precision construction assure 
an accuracy and smoothness of operation once associated only with 
the finest custom models. The heavy-duty mount, complete with elec- 
tric drive, provides the stability so essential for satisfactory viewing, 
yet there is easy portability because in a matter of minutes the entire 
telescope can be dismantled into three easy-to-handle sections. 


Only Criterion’s engineering ingenuity, coupled with volume pro- 
duction and modern manufacturing methods, makes this handsome 
6-inch model available at such reasonable cost. You can order it 
with complete confidence that it will live up to your expectations in 
every way, for this assurance is guaranteed under our full-refund war- 
ranty. Send your check or money order today. Or use our liberal 
time-payment plan and take months to pay. 


You Could Pay $100 More 
Without Getting All These 


Superior Features (Except on Another Dynascope) 


1. EXQUISITE OPTICAL SYSTEM INCLUDES F/8 6-INCH PARABOLIC PYREX 
MIRROR accurate to better than 1 wave, zircon-quartz coated. Teamed 
with elliptical diagonal, mounted in 4-vane adjustable spider. 


2. NEW DYN-O-MATIC ELECTRIC DRIVE with smooth self-acting clutch that 
engages and disengages automatically as you seek different objects. Will 
not interfere when manual operation is desired. Entire drive housed in 
trim aluminum case. Plugs into ordinary household socket. 


3. CHOICE OF ANY 3 EYEPIECES from the following: 65X-18-mm. Achro- 
matic Ramsden; 100X-12.7-mm. Achromatic Ramsden; 150X-9-mm. Achro- 
matic Ramsden; 220X-6-mm. Orthoscopic; 320X-4-mm. Orthoscopic. All are 
precision-threaded, give sharp images to extreme edges. 


4. SOLID NEW EQUATORIAL MOUNT extra-reinforced design to provide 
pillarlike stability. No annoying side play or wobble. Adjusts easily to 


ENJOY IT NOW — take 


up to 24 months to pay under 
our Easy Terms plan! 





Just a small down payment de- 
livers this big 6-inch DYNA- 
SCOPE. Pay the balance at your 
convenience over 6, 12, 18, or 
even 24 months! Write for de- 
tails, or order today by sending 
your check or money order with 
coupon below. 


Sound too good to be true? 
Then read what these delighted 
DYNASCOPE owners have to say: 


“Congratulations on the ex- 








8. 


“A 


= 





any latitude. 


5. SETTING CIRCLES for both right ascension and declination. 
0.0001 inch. Handsomely finished in fine aluminum. 

6. 6x30 FINDERSCOPE, ACHROMATIC, COATED, with accurate crosshairs 
and fine focus. Durable cast-aluminum bracket with 6 adjusting screws 
allows positive collimation. 

7. ROTATING RINGS FOR MAXIMUM VERSATILITY AND VIEWING COMFORT. 
Solid-cast, chrome finish, rings are generous 1’’ wide with felt lining. 
Newly designed construction, with over-sized knurled adjusting knobs, 
affords maximum rigidity and allows for quick disassembly and portability, 
with or without tube. 

8. STRIKINGLY HANDSOME, WHITE, 50’ BAKELITE TUBE with porcelainized 
Duralite finish, durable yet light. Walls are /e’’ thick, completely insulated 
and anti-reflective blackened inside. 

9. BRASS RACK-AND-PINION EYEPIECE HOLDER has precision-cut worm and 
gear for easier, smoother, more positive focusing. Takes standard 114“ 
oculars, negative or positive. 

10. STRONG, VIBRATION-FREE, ALL-METAL TRIPOD with easily removable 
legs. Provides sure, steady support, plus lightweight portability. 


CRITERION MANUFACTURING CO. 


331 Church St., Hartford 1, Conn. 


Manufacturers of Quality Optical Instruments 


Accurate to 


“‘T never dreamed such a bril- 
liant, clear image could be 
had with a telescope costing 
under $200. It is one of these 
rare bargains that you find 
only once or twice in a life- 


““A friend of mine has a 6- 
inch telescope without electric 
drive, for which he paid over 
$300. He agrees that my 
new DYNASCOPE not only 
outperforms it, but is a much 


cellence of your workmanship. 
The optics are truly amazing. 
I never expected such won- 
derful performance.’ 

L.H.N. — Mass. 


better-looking and better-built 
B.S. — New Jersey instrument.’’ J.L. — New York 


- ( ea Siamemniandll aT ental T omameantl ——s namie S memmmennial S nenaael a 
Criterion Manufacturing Co. 
| Dept. STR-4, 331 Church St., Hartford 1, Conn. 


time.”’ 


5 


[) Please send me, under your MONEY-BACK guarantee, the RV-6, 6” Dyna- 
scope. Full payment of $194.95 is enclosed. | 


[ Send complete information describing easy payment plans. 
[ Send FREE ILLUSTRATED LITERATURE of all the telescopes in the Dynascope | 


line. 


Name 


| Address 
‘.. 
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Goto’s Model M-1 has been acclaimed by many 
visitors to the Fair, including specialists 


Goto Optical Mfg. Co., Japan’s foremost maker of 
astronomical telescopes, is proud to present its revolu- 
tionary medium-size planetarium. 


FEATURES: 


a; 


Projects the entire celestial sphere and can show 
the heavens above any point in the world. There- 
fore, the starry sky over various places south of 
the equator, particularly the Antarctic, can be pro- 
jected to the very last detail. 


Projection of the apparent motions of the moon, 








Established in 1926, Japan’s 
oldest and largest firm specializ- 
ing tn astronomical telescopes. 











The Goto Planetarium Hall at the 1959 Tokyo International Trade Fair. 


GOTO’S 
MEDIUM-SIZE 
PLANETARIUM 





sun, and five planets is provided. The peculiarities 
of the motion of each body can be shown. 
Precession phenomena can be demonstrated. 
Automatic explanations can be given with tape 
recordings. 

Music and imitation sounds can be produced by a 
record player. 

Remote operation from the control desk is possible. 
By using auxiliary projection apparatus various 
types of celestial phenomena may be demon- 
strated. 


Catalogues will be sent upon request. 


GOTO OPTICAL 


oie wee mochi, Setagaya-+kv, 


MEG. 


'eKyo, Japan 


C 0 e Cable Address: 


GOTOPTIC TOKYO 
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ALDEBARAN OCCULTATION 


On the night of September 22-23, the 
Ist-magnitude star Alpha Tauri was cov- 
ered by the moon. The phenomenon was 
watched at the Robert T. Longway Plane- 
tarium, Flint, Michigan, by R. N. Watts, 
Jr., and D. Splane. They used 7 x 50 bin- 
oculars and, with the aid of a sweep-second 
watch they had compared with time sig- 
nals, found that the star disappeared at 
11:16:26.0 p.m. Eastern standard time, and 
reappeared at 0:19:37.5. High cirrus clouds 
may have affected these results. 

At New Orleans, Louisiana, W. P. 
Searcy, III, obtained photographs of Al- 
debaran soon after it had emerged from 
behind the dark edge of the moon. His 
pictures were taken with a 4-inch reflector. 








OCCULTATION OF NEPTUNE 

The sky was very clear when I observed 
the occultation of Neptune by the moon 
on September 6th, using my 5-inch f/15 
Mellish refractor. With a 14-inch Erfle 
eyepiece, the bright part of the moon 
was kept out of the field, but the dark 
side was clearly seen. 

First contact occurred at 7:12 p.m. 
Eastern standard time. Neptune lost 
brightness during a little more than one 
second, then disappeared suddenly. The 
fading may have taken longer, but with 
the low power the planet showed only a 
small disk. I am anxious to hear about 
other observations of this event. 

RENE DOUCET 

650 Des Grandes Prairies Blvd. 
Cap de la Madeleine 

Quebec, Canada 





SUNSPOT NUMBERS 


The following American sunspot num- 
bers for July and August have been de- 
rived by Dr. Sarah J. Hill, Whitin Ob- 
servatory, Wellesley College, from AAVSO 
Solar Division observations. 

July 1, 163; 2, 121; 3, 145; 4, 118; 5, 
121; 6, 113; 7, 113; 8, 102; 9, 100; 10, 84; 
11, 102; 12, 123; 13, 152; 14, 152; 15, 150; 
16, 197; 17, 209; 18, 178; 19, 154; 20, 143; 
21, 109; 22, 104; 23, 106; 24, 117; 25, 133; 
26, 156; 27, 176; 28, 178; 29, 184; 30, 197; 
31, 191. Mean for July, 141.6. 

August 1, 183; 2, 214; 3, 204; 4, 179; 5, 
194; 6, 167; 7, 173; 8, 141; 9, 147; 10, 161; 
11, 144; 12, 136; 13, 106; 14, 106; 15, 134; 
16, 145; 17, 122; 18, 141; 19, 162; 20, 160; 
21, 164; 22, 195; 23, 192; 24, 153; 25, 193; 
26, 228; 27, 253; 28, 259; 29, 273; 30, 285; 
31, 261. Mean for August, 179.8. 

Below are provisional mean _ relative 
sunspot numbers for September by Dr. M. 
Waldmeier, director of Zurich Observa- 
tory, from observations there and at its 
Stations in Locarno and Arosa. 

September 1, 290; 2, 256; 3, 202; 4, 161; 
5, 148; 6, 144; 7, 135; 8, 136; 9, 157; 10, 141; 
11, 155; 12, 170; 13, 148; 14, 151; 15, 168; 
16, 130; 17, 87; 18, 100; 19, 120; 20, 143; 
21, 132; 22, 155; 23, 136; 24, 155; 25, 105; 
26, 106; 27, 92; 28, 87; 29, 80; 30, 76. 
Mean for September, 142.2. 


Finest Christmas Gift Loer . . - 








All-New De Luxe Model ‘’B’’ 8-inch ASTROLA, f/7, with 
| rotating tube, clock drive, setting circles, and 3 oculars 
(85x, 210x, 360x, or 3 of your choice). 





ASTROLA Reflecting Telescopes 


In 1953, we at Cave Optical Co. conceived the idea of building reflecting telescopes of really adequate 
size and optical quality seldom found before in commercial reflecting telescopes. Fully realizing the ama- 
teur astronomers’ telescopic requirements and limited budgets, we priced our ASTROLA Reflectors within 
the reach of all. 

Since the first introduction of ASTROLA Reflecting Telescopes, increasing demand has remained ahead 
of our expanding productive capacity. We have always placed performance quality ahead of all other 
considerations in manufacturing the ASTROLA. Although appearance may have nothing to do with a ftele- 
scope’s performance, ASTROLA Reflectors are certainly pleasing to look at, but they are even more delightful 
to look through. 

Thus, more than six years ago we pioneered the larger, but sensibly priced Newtonian reflecting tele- 
scope field. Success brings competition and imitation from others. Therefore, it is well to remember that 
ASTROLA was first and is still far ahead in quality and performance. In recent months we have greatly 
expanded our facilities for producing not only more ASTROLA Reflectors but much larger instruments. We 
are now doing all our own instrument machine work, so that we may give much more rapid delivery on 
each and every ASTROLA, but we also have even closer quality control. 

Here are a few reasons why ASTROLA sales remain ahead of production: 

1. ASTROLAS are by no means mass-produced, each instrument being carefully hand-assembled and 
each telescope completely field-tested before leaving our shops. 

2. Each complete ASTROLA has been painstakingly engineered and meets every requirement of dis- 
criminating telescopists. 

3. Every complete ASTROLA and every telescope mirror that we make or refigure are guaranteed 
unconditionally to give identical inside- and outside-of-focus star images, your assurance of ultimate 
optical quality. 


3 





The Completely New De Luxe Model “’C’”’ 10-inch ASTROLA, 
f/7, complete with rotating tube, clock drive, setting 
circles, and 4 oculars (74x, 111x, 222x, 444x, or 4 of 
$590.00 = your choice). $750.00 
plus $12.50 packing and crating charges. plus $15.00 packing and crating charges. 


STANDARD DE LUXE 
STUDENT ASTROLA, 6-inch, f/7 or f/9.......... $200.00.... — 
ASTROLA MODEL “B”, 8-inch, f/6, f/7, or f/8....$390.00. . . .$590.00 
ASTROLA MODEL “C”, 10-inch, f/6, f/7, or f/8...$495.00. . . .$750.00 


NEW PYREX TELESCOPE MIRRORS AND REFIGURING 


NEW PYREX MIRRORS 
£/5 through f/10 


REFIGURING 


If your present telescope is not giving truly out- £/5 through f/10 


standing performance, let us refigure your mirror rt ae iy? ne $ 35.00 
to our standard quality, and furnish you an elliptical 8-inch........ ho ccccweeas $ 50.00 
diagonal plus aluminizing, return postage prepaid. whee pene ‘eee  opahbateic 3 eoee 


Immediate delivery on new 6-, 8-, and 10-inch mirrors of normal focal ratio. Send for our 
newest 1960 full-color catalogue. 


When in the Los Angeles-Long Beach area, visit our display room. Always in stock are 
many small reflectors and refractors, plus a large assortment of astronomical literature. 
Generous allowances on trade-ins. 


CAVE OPTICAL COMPANY 


4137 E. Anaheim St., Long Beach 4, Calif. 
Phone: GEneva 4-2613 
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Reg. U.S, Pat. Off. 


Let us give you the same hard aluminum 
coating that we are applying to the Cave 
Astrola mirrors. If your glass is properly 
polished, our coating will give a minimum of 
90% reflection. Will not blister or peel. 
Check or money order, including return post- 
ige and insurance (Calif. res. add 4% sales 
tax), will guarantee 8 hours shipping service. 
No C.O.D.’s please. Prices f.o.b. L.A. 


é6-inch........$6.50 ee $11.25? 
| $8.50 ee eee $16.00 
PANCRO MIRRORS, INC. 


Research and Production Laboratories 
2958 Los Feliz Blvd., Los Angeles 39, Calif. 








Do-It-Yourself 


TELESCOPE KITS 


Now, at last! All the mechanical parts 
you need to mount your finished optics. 
These matched items will save you 
money and guarantee you a professional- 
appearing instrument. 
% Finest Parks fiberglass tube 
* Completely adjustable 4-vane diagonal 
holder 
% 8x 50 achromatic finder 
*% Helical focuser 
% Cast-aluminum adjustable mirror cell 
Prices: 6’, $57.50; 8”, $71.50; 10’, $109.50; 
12’, $129.95 
0.b. Canoga Park, California 
Equatorial mounts also available. 


MANUFACTURING 
ANRA _ ENGINEERS 


7431 Canoga Ave., Canoga Park, Calif. 











Deep-Sky Observers 


An extremely 
fine, imported 
Zuiho binocular 
with a wide field 
of view — 102°! 


$35.00 


Tax Paid 





Complete with beautiful case. Delivered anywhere 
in the Continental United States. 


AMERICAN TYPE WIDE ANGLE 
7x 35 Central Focus 


SPECIFICATIONS 
Magnification, 7x. Objective aperture, 35 mm. 
Eyepiece aperture, 24 mm. Exit pupil, 5 mm. 
Field of view at 1,000 yds., 551 ft. Field-of-view 
angle, 10.5°. Height, 128 mm. _ Breadth, 195 
mm. Net weight, 950 grams. Weight of pigskin 
case, 400 grams. 

We have sold hundreds of pairs of these binocu- 
lars with the utm atisfaction. They are uncon- 


ditionally guaranteed. If not pleased, return them 


and your money will be immediately refunded. 
Be sure to write for our list 
of used telescopes. 


THIS MONTH’S SPECIAL 


One Unitron Model 155—$495 
Trades accepted. 






Before you buy or trade a © 
telescope or radio amateur § 
gear, see WARD W2FEU & 


for the best deal. 
Established 1936 


ADIRONDACK 
RADIO SUPPLY 


P. O. Box 88, Amsterdam, N. Y. 
Ward J. Hinkle, W2FEU — Owner 
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DEEP-SKY WONDERS 


ROUND the famous variable star 

Delta Cephei draw a circle 54 degrees 
in radius. Then tally up the nebulae 
and clusters within the area. If you are 
using Norton’s Star Atlas you will find 
five objects, while the de luxe edition of 
the Skalnate Pleso Atlas of the Heavens 
will give you six. But only one of these 
is common to both maps, though all but 
one have NGC numbers; it is evidently 
worth while to use more than one set of 
observing charts. 


This chart, 11 degrees 
in diameter and with 
north at the top, is based 
on the Skalnate Pleso 
“Atlas of the Heavens,” 
but has been simplified 
to emphasize the loca- 
tion of the clusters and 
nebulae discussed in the 
text. The objects plotted 
in Norton’s “Star Atlas” 
have been added in their 
proper positions accord- 
ing to the “New General 
Catalogue.” The sym- 
bols are the same as used 
on the Skalnate Pleso 
charts. 


J 
Orc 1470 


NGC 7380 (77%) is the object found 
on both maps, at right ascension 22" 
44™.9, declination +57° 49 (1950 co- 
ordinates). It is a galactic cluster of some 
50 stars, 10’ in diameter, and fairly faint. 
While it is not mentioned in observing 
handbooks, it can be seen in a 4-inch 
telescope, though the region is difficult 
because it lies in the Milky Way. 

The rest of the clusters plotted in Nor- 
ton’s are: NGC 7261, 22" 18™.6, +57° 50’; 
7281, 22" 23".0, +57° 35’; 7352, 22" 37™.8, 
+57° 08’; and 7438, 22" 55™.4, +54° 05’. 
All of them were first described by John 
Herschel, and the New General Catalogue 
calls them pretty large or very large. Most 
are now generally regarded as merely 
brighter portions of the Milky Way. The 
writer, using a 10-inch reflector, found it 
very confusing trying to distinguish them 
among the starclouds in this region. 

The Skalnate Pleso shows five other 
objects, two of them clusters: NGC 
7245, 22" 13™.6, +54° 05’, a weak group- 
ing 3’ in diameter and containing 40 
stars; and NGC 7419, 22" 52™.6, +60° 
34’, containing but 25 stars in a 2’ diame- 
ter. 

There are three planetaries in the area, 
the brightest being IC 1470, at 23" 03™.2, 
+59° 59’, an 8th-magnitude object meas- 
uring 70” by 45”, with a 12th-magnitude 
central star. This planetary is plotted as 
a very small diffuse nebulosity in the field 
edition of the Atlas of the Heavens. 

NGC 7354, at 22" 38™.4, +61° OI’, is 
of the 13th magnitude and 32” in diame- 


1959 


374/19 





ter, apparently of such low surface bright- 
ness that it is virtually impossible to 
find visually with amateur telescopes. 
I failed to observe it in three nights of 
searching. The unnumbered third plane- 
tary is even more difficult, being only of 
magnitude 14, and 8” in diameter. It 
is located at 22" 54™.4, +56° 54’, plotted 
on the accompanying chart. 
WALTER SCOTT HOUSTON 
Rte. 3, Manhattan, Kans. 
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Announcing the NEW... 


MONTHLY EVENING 
SKY MAP 


"The stars brought down to earth” 


-detailed star and planet charts for 
each month of the year. 


-informative articles for the beginner 
in astronomy. 
advance information on current events 
in the skies. 
$3.00 per year Sample copy, 25¢ 
Published bimonthly by: 


SKY MAP PUBLICATIONS, 
INC. 
Box 213-S, St. Louis 5, Mo. 











Astronomy Films 


16-mm. sound, 400-foot reels 
I THE SUN; II THE MOON; 
III SOLAR SYSTEM; IV MILKY WAY; 
V EXTERIOR GALAXIES. 


2x2 SLIDES 
35-mm. STRIPS OF SLIDES 


THROUGH 200-INCH anp 
OTHER GREAT TELESCOPES 
Catalogues on request. 
International 
Screen Organization 
1445 18th Ave. North, St. Petersburg 4, Fla. 




















14° TRANSPARENT 
CELESTIAL GLOBE 


% Astronautics 


Litipett 


% Basic Aid for Students and Teachers of Astronomy %* Navigation + Aeronautics 


59.50 


\ only 5.95 down 


FIRST TIME 
UNDER $100.00 


AVAILABLE ONLY THROUGH 
LAFAYETTE 
IN THE UNITED STATES, 
CANADA, AND MEXICO 


Adjustable satellite orbits 


Satellites travel around earth 
automatically 


Adjustable sun and moon 


Adjustable lunar orbital incli- 
nation 


80 constellations — including 
all stars of Ist, 2nd, 3rd, and 
4th magnitudes 


Similar devices used by the 
Navy — Air Force — Marine 
Corps 





earth rotating about an axis, is clearly demonstrated in this well-made device. 


The sphere shows how the sky will appear at any hour — on any date — 
With it you can tell time by the stars — learn to 


A true ‘mechanical universe.’’ Designed for and dedicated to those who 
recognize the challenge and adventure that lie on the frontiers of space. The 


concept of the celestial sphere is the most convenient means of illustrating 
and discussing the common motions of the stars and the individual motions of 
the members of the solar system. It offers an easily used and easily under- 
stood working model of our universe. An invaluable aid in visualizing and 
identifying the stars and constellations and their relationship to each other, to 
terrestrial positions, and to times and dates. Permits an understanding of ex- 
plorations in time and space beyond the earth’s atmosphere. 


The celestial sphere may be defined as a sphere of infinite radius with its 
center located at the center of the earth. The system of geocentric co-ordinates 
will illustrate the true geographic zeniths of the sun and stars at any time 
on any day. All systems of astronomical spherical co-ordinates, such as the 
equatorial, galactic, ecliptic, which are based on the celestial sphere, rotate 


from any point on earth. 
tell time by the sky — clearly illustrate and help solve navigational problems. 
Traces the orbits of man-made satellites and finds their overhead positions. 
Serves as a superb star chart. Sun and moon positioned by external controls. 
Artificial satellites automatically circle around the terrestrial globe. The various 
stars, constellations and their identifications are permanently molded — not 
printed — on the celestial sphere. 


The celestial globe is 14” in diameter, with the terrestrial globe centered 
within. Equipped with horizon ring — time ring — fixed meridian ring — 


swinging meridian ring — sun and moon pointers — fixed ecliptic — de- 
tachable ‘‘planet’ indications — universal base — and complete instructions. 
F-400 Spies WR IG te aa ccsccscdsicacccscectivaaind Net 59.50 





with the sphere. 
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CORPORATION 
165-08 LIBERTY AVE. 
JAMAICA 33, N.Y. 


The apparent contra-rotation of the stars, actually due to the 





USE OUR EASY PAYMENT PLAN 
10% DOWN — EASY MONTHLY 
PAYMENTS 
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and Books on Astronomy} 
by D. Menzel, 


-——Star Atlases 


® BOOKS AND THE SKY W 


New: OUR SUN, 
0 RS eon $6.5 
New: ASTRONOMICAL PHOTOGR APHY ' 


WITH THE TELESCOPE, 
by T. Rackham..... 
AMATEUR ASTRONOMER’S 


HANDBUCH DER PHYSIK, VOL. 53 
ASTROPHYSICS IV: 


tion has not yet been definitely settled.” 
The best that can be said for this state- 


HANDBOOK, by J. B. Sidgwick....$12.50 : | Agee \ x , 
OBSERVATIONAL ASTRONOMY FOR STELLAR SYSTEMS ment is that it is true. Any interestec 
AMATEURS, by J. B. Sidgwick......$10.00 LLAR TEM velit ia: Sil Dib os eae f 
THE OBSERVERS GUIDE. $2.95 §. Flitewe, editor, Springer-Verlar, Berlin, 7°20°T @™ form his own juc gment from 
THE MOON, by Wilkins and Moore $12.00 ~se? : ra ’ the published observational material; the 
GUIDE TO MARS, by P. Moore $2.75 1959. 565 pages. DM 142. . 

o be found in 


THE PLANET JUPITER, by B. Peek $8.50 pertinent references may 
MAKIN 





ge gt ja neck Son 00; a 3, $7.00 NE of the most overworked state- the second de Vaucouleurs chapter in this 
Webb’s ATLAS OF THE STARS.......$6.50 ments in the repertoire of a book _ book. 

BONNER DURCHMUSTERUNG. ......$100.00 ohne: ees i peor The al aa : Sila 
1960 AMERICAN EPHEMERIS AND reviewer is: “This book fills a long-felt ve study of galactic structure has 


NAUTICAL ALMANAC—order now $4. 00 


need.” It is, however, especially applicable 


been enormously accelerated by the de- 


V vite fo » free list stronomical lit ratete. . . ; . ° P 
+ eed “ralescope making “nd optical glass. {| to this attractive and stimulating volume velopment of radio astronomy. Leiden 
working. All books of any publisher — mail your on galactic structure and dynamics, ga- Observatory, under the leadership of J. 
wants. Out-of-print books located in a special ) h i hee ; ‘ 
search service. lactic and globular clusters, galaxies and _H. Oort, is in the forefront of the spec- 
HERBERT A. LUFT cosmology. So much has happened and is _ tacular 2l-centimeter investigations of the 

69-11 229th St., Oakland Gardens 64, N. Y. presently developing in these areas of dynamics and spiral structure of our 


Again in Print! 
Shapley-Ames 


CATALOGUE 
OF BRIGHT GALAXIES 


“A Survey of the External Gal- 








research that three of the outstanding 
chapters in this book are on subjects that 
were scarcely known about a dozen years 
ago. One may hope that another Hand- 
buch on these subjects can be written 10 
years hence, for 25 years would be too 
long to wait. It is that time since the 
Handbuch der Astrophysik appeared. 


galaxy. His chapter on radio-frequency 
studies of galactic structure is very read- 
able but all too short, with his own 
contributions somewhat underemphasized. 
The spiral structure, derived from 21-cm. 
observations, is depicted in Fig. 4a (which 
is already out of date!), and the results 
from the continuous radiation observed 


axies Brighter than the 13th Mag- Volume 53 should be an incentive to at 1.5 meters for the whole sky are shown 
nitude” gives a Fn pt textbook authors to expand their offerings _ in Fig. 14. 
n, magnitude, size, and type ; : bs 

for 1.249 aiasess 5‘ ‘ yP on galactic structure and the external The study of star clusters has always 
galaxies. If there is any criticism to be been peculiarly profitable. Because of 

This publication (Vol. 88, No. 2, of the fi ie / A ‘ / 
Harvard Annals) was out of print for some voiced, it is that the names of H. Shapley, this, the moderately long chapter by 
a is now available in s api — | W. Baade, N. U. Mayall, and A. Sandage Helen S. Hogg has been written under 
ae pomen are not found in the list of authors. The difficulties — the literature is very ex- 


Order directly from 
HARVARD COLLEGE OBSERVATORY 


Cambridge 38, Massachusetts 




















CHRISTMAS SUGGESTIONS 


Our past ads have listed the diversity of our 
astronomical products, all of which will make 
excellent gifts. It’s really not too early to 
think of Christmas. You can’t miss with an 
astronomical present. 


SOLARSCOPE 


first 12 chapters are in English; the last 
two, on cosmological theories, are in Ger- 
man. 

F. K. Edmondson’s chapter on the ‘‘Kin- 
ematical Basis of Galactic Dynamics” 
emphasizes that the basic kinematical 
principles, as stated by E. A. Milne, have 
been largely overlooked, with consequent 
troubles. The Oort double sine wave 
(second harmonic) in radial velocities is 


tensive and many important topics need 
to be covered. The text is essentially 
nonmathematical and is delightful and 
informative reading for professional and 
amateur astronomers alike. 

A comparison with Shapley’s 1933 
Handbuch der Astrophystk chapter on the 
same subject reveals how much has been 
learned in 25 years. The last decade has 
been especially fruitful, with the de- 
velopment and application of new photo- 


Many of your friends will want one. Compact, 1] well known, but there 1S 2 often neg- : y : 

yet loaded with 1,000 solar system facts and lected first-harmonic term, increasing as electric techniques in the Southwest and 

figures, at a twist of the disk, for every planet. x - ys Pie ioe : ; ; 
Only $2.25 the square of the distance from the sun, at Pacific Coast observatories. Mrs. Hogg 


THE SUN 
By Giorgio Abetti. Written by 
dent of the sun. A valuable 
library. 


THE SUN AND ITS INFLUENCE 


a lifelong stu- 
addition to any 
$ 


which in a typical case has about one- 
fourth the amplitude of the Oort term. 
Edmondson gives rather convincing rea- 
sons why the “low” Vyssotsky-Janssen 


gives only a short discussion of stellar as- 
sociations, a subject that might well take 
a chapter of its own. 

Very useful catalogues of 514 galactic 


By M. A. Ellison. $4.50 “basic solar motion” of 15.5 kilometers clusters and 118 globular clusters are 
FABULOUS FIREBALL per second should be used. A consistent given in two appendices. The care with 
By D. S. Halacy, Jr. A new approach on |) | set of galactic rotation parameters has which such listings must be compiled is 


harnessing solar energy. A very different reve- 
3.0 





illustrated by the position of NGC 7790, 


lation. | not yet been derived. To obtain them, 
ONCE AROUND THE SUN | accurate luminosities and absorptions for correctly given here, but erroneously 
By Ronald Fraser. The story of the ae distant supergiants are especially needed. noted in the earlier literature. The new 


tional Geophysical Year. 
SATELLITES AND SPACEFLIGHT 


By Eric Burgess. $3.95 


These almost certainly be obtained 


eventually with appropriate narrow- and 


can 


position “moves” this cluster to an area 


of the sky (it was there all the time!) that 


{| 
1] ° e . . . . 
THE MILKY WAY || broad-band photoelectric observations of | includes three classical Cepheids and 
By Bart J. and Priscilla F. Bok. Not really a ||| such stars within and outside of selected one eclipsing binary, with a number of 
pew book, but still one of the best —— | galactic clusters. consequent important cosmological impli- 


ones available. 
DISCOVERY OF THE UNIVERSE 
$6.00 


By Gerard de Vaucouleurs. 

THE GREEN FLASH 
By D. J. K. O'Connell, S. J. Beautiful col- 
ored pictures and descriptions of this rarely 
seen phenomenon. 





B. Lindblad’s contribution on “Galactic 
is a useful discussion of stellar 
mass motions, velocity distributions, and 
dispersions of stellar velocities with time. 
The final sections are concerned with 


Dynamics” 


cations. 

The next two sections are “Discrete 
Sources of. Cosmic Radio Waves” by R. 
Hanbury Brown and “Radio Frequency 
Radiation from External Galaxies” by 
B. Y. Mills. Radio astronomy has always 


We haven't the room to list all our books. spiral-structure problems and evolutionary 

Our catalogue not only shows more but many fect Mucl € the ac . atl % ffered fr hecolwine lepethicl 
other items to please that  astronomically effects. Much of the account is mathe- — suffered from poor resolving power, which 
minded friend or relative. Write for your matical and not for the casual reader. makes “radio star’ positions inexact, 


copy today. 


ASTRONOMY CHARTED 


33 Winfield St., Worcester 10, Mass., U.S.A. 
Phone: PL 5-6992 
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November, 


The author refers to the importance of 
determining whether the spiral arms 
“trail” or “open up” and states: “From 
the observational point of view this ques- 


1959 


identifications very difficult, and angular 
size usually impossible to measure. This 
condition is accentuated because many 
radio telescopes have a complex pattern 


of side lobes. Furthermore, the radio 
energy drops rapidly toward shorter wave 
lengths where the resolving power is 
higher. There is marked disagreement, 
for example, between the Cambridge Uni- 
versity and the Australian surveys over 
a common area of the sky, not only re- 
garding positions of discrete sources but 
their numbers as one goes to smaller and 
smaller flux densities. 

Of the relatively few discrete sources 
that have been optically identified and 
investigated, some have yielded results 
and implications so exciting as to ear- 
mark these sources as an extraordinarily 
fertile subject for research. These two 
chapters together, with some overlap, 
give an excellent account of the tech- 
niques, problems, often contradictory re- 
sults, and future hopes in this rapidly 
changing radio work, which depends so 
much on enormous instruments and the 
most sensitive detectors. 

The next two chapters, by G. de 
Vaucouleurs, concern the galaxies, their 
classification, morphology, and_ general 
physical properties. This is a field in 
which de Vaucouleurs himself has made 
many fundamental contributions, despite 
the handicap of the comparatively limited 
instrumentation available to him in the 
Southern Hemisphere. ‘The pages 
liberally sprinkled with beautiful repro- 
ductions from the soon-to-appear Hubble 
volume. The main revisions 


are 


memorial 





Availability of 
ESSCO PUBLICATIONS 


For several decades, the Eastern Science Sup- 
ply Company, Boston, Massachusetts, provided 
teachers of astronomy, both amateur and profes- 
sional, with publications and other study mate- 
rials. We have acquired the remaining stock of 
star maps, charts, and booklets, of which the 
items listed below will be continued in print 
and brought up to date where necessary: 


SCcl Equatorial constellation chart 
with star designations 

SCl Test equatorial chart without 
star or constellation names 

$c2 Circumpolar constellation chart 
with star designations 

sc2 Test circumpolar chart — without 
star or constellation names 

S508A Ecliptic-based star map — with 
equatorial grid and names 

$508 _ Ecliptic-based star map — with 
equatorial grid, without names 

$508B Ecliptic star map list — positions 
and magnitudes for 224 stars 

$505 Nine-inch protractor on paper - 
for planet orbit drawings 

$511 Inner planet chart — orbits of 
Mercury, Venus, Earth, Mars 

$512 Outer planet chart orbits of 
Mercury to Saturn 

S5O1A Special rectangular co-ordinate pa- 
per — for star maps 

$502 Polar co-ordinate paper — for cir- 


cumpolar star maps 
Price for each item listed above: 1 to 9 sheets, 
10 cents each; 10 to 24 sheets, 8 cents each; 
25 to 99 sheets, 6 cents each; 100 or more, 
5 cents each. 
From Stetson’s Manual of Laboratory Astrono- 
my, the following chapter is available as a 
separate booklet, at 50 cents each: |, Star Chart 
Construction. 
SPECIAL: DCS — Large wall chart of the Draper 
spectral classes, printed in four colors and 
mounted on canvas. Limited quantity. (Slightly 
damaged along edges.) $14.00 each 


SKY PUBLISHING CORPORATION 


Cambridge 38, Massachusetts 











in Hubble’s classification system are given, 
as well as de Vaucouleurs’ own three- 
dimensional plan, the additional third 
“dimension” being ring or spiral struc- 
ture. 

Two short contributions by F. Zwicky 
on “Multiple Galaxies” and “Clusters of 
Galaxies” are written in the vigorous 
style associated with this author. I could 
find no reference by Zwicky to the im- 
portant and extensive investigations of 
George Abell on clusters of galaxies. 
Zwicky’s work on multiple galaxies leads 
him into considerable disagreement with 
other astronomers concerning the effects 
of galactic collisions. A 200-inch photo- 
graph and a diagram of a cluster of 
galaxies are given in which the density 
approaches the somewhat fantastic value 
of 250,000 galaxies per square degree. 
Zwicky refers to galaxy red shifts as sym- 
bolic velocities of recession, calls atten- 
tion to the mere handful of observers 
having access to large telescopes (with 
consequent slow accumulation of data 
and difficulty in obtaining independent 
observational checks), and correctly warns 
against drawing any too precipitous con- 
clusions from often necessarily scanty 
data. 

The next chapter, on the large-scale 
organization of the distribution of gal- 
axies, by J. Neyman and Elizabeth L. 
Scott, is presumably concerned with some 
of the same problems as those in Zwicky’s 
chapters, but the approach is very dif- 
ferent. These authors’ statistical analyses 
have been stimulated by the Shane- 
Wirtanen survey with the Lick 20-inch 
astrograph, which covers the sky from the 
north pole to declination —23°. Many 
of these six-by-six-degree plates have 
thousands upon thousands of extragalactic 
images on them; most of the counts have 
been made and already some of the anal- 
yses have been published. 

G. C. McVittie’s contribution concerns 
the observational basis of cosmology, and 
is refreshing because we find here a theo- 
rist who is properly skeptical of the ob- 
servational data. The chapter is well 
written and deserves careful study. It 
was prepared three years ago, and since 
then many photoelectric investigations of 
clusters, Cepheids and the Magellanic 
Clouds have strengthened the observation- 
al picture. Continued photoelectric re- 
searches in the Magellanic Clouds are 
especially needed, but the number of 
photoelectric observers who are working 
at 19th and 20th magnitude in these 
uniquely important galaxies is very small. 

The last two chapters concern various 
theoretical cosmologies. Written by O. 
Heckmann and E. Schiicking, they re- 
quire a knowledge of both German and 
tensor analysis, and will therefore be 
rather heavy going for the average as- 
tronomer trained in this country. 

JOHN B. IRWIN 
Goethe Link Observatory 
Indiana University 
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Complete 
practical guide to telescope 
making—easy to use— 
scientifically accurate 


For the first time, the amateur astrono- 
mer with no specialized knowledge of 
the mathematical theories of telescope 
making can produce a perfect mirror 
and a first-class telescope — simply by 
following the detailed step-by-step in- 
structions and illustrations in this book. 
The author begins by explaining why 
the telescope he is going to build with 
you is the best kind for most amateurs, 
tells how to set up an efficient but in- 
expensive workshop, and proceeds from 
there to help you complete the job. 


CLEAR TEXT, DETAILED 
DRAWINGS, SPECIAL 
PHOTOGRAPHS TEACH 
YOU HOW TO: 
¢ Choose the right telescope to build 
e Buy inexpensive equipment and tools 
© Rough and fine grind the mirror 

e Select the correct eyepiece 
e Construct the tube and its fittings 


@ Mount your telescope 


Plan and build a complete observatory 


Photograph the stars 


In addition, an invaluable appendix in- 
cludes a glossary of terms, a list of sup- 
pliers of materials, tables for finding 
sidereal time, tables of films and ex- 
posures for celestial photography. $5.95 





STANDARD HANDBOOK 


FOR 


TELESCOPE MAKING 


by N. E. HOWARD, author of 
‘Handbook for Observing the Satellites’’ 


4 
THOMAS Y. CROWELL 
COMPANY 


Est. 1834 New York 16, N. Y. 
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Norton’s STAR ATLAS 


This famous star atlas and reference handbook is par- 
suited for amateurs and students who déire 
sky charts in book form. It covers the whole heavens, 
showing over 9,000 stars to magnitude 61/3, nebulae, 
and clusters. There are descriptive lists of 500 interest- 
ing objects for viewing with small telescopes, and useful 
data are given for observers of the sun, moon, and 
planet New 14th edition, 1959 $5.25 


POPULAR STAR ATLAS 


well-bound set of 16 maps is a simpler 
version of the Norton’s Star Atlas described above. All 
stars down to magnitude 5'/2 are included. This edition 
is excellent for field use by constellation study groups 
and by meteor parties. $2.00 


Elger’s MAP OF THE MOON 


The chart of the moon itself is 18 inches high by 17/2 
all the important lunar fea- 
tures. Below the map are by H. P. Wilkins on 
146 of the more interesting areas. Printed on a sheet 
of paper 30 by 191/2 inches and mounted on heavy 


ticularly 


This compact, 


inches wide and identifies 
notes 


canvas, the map is ideal for framing $3.00 
COLOR MAP OF THE 
NORTHERN HEAVENS 

This is a large wall chart, 30 by 341% inches, colorful 

as well as informative. The northern sky to 45° is 

shown on a polar projection, and each star is colored 


according to it spectral clas Stars brighter than 
magnitude 5.1 are included The map is mailed un 
folded in a heavy tube. $2.00 


COLOR CHARTS OF THE MOON 


Two striking color charts of the first- and last-quarter 


were drawn by Joseph Klepesta, the well-known 


moon 

Czechoslovakian amateur astronomer. Each lunar half 
is an impressive 27 inches in diameter; the over- 
all size of a chart, 23 inches wide by 33 inches high 


Printed in predominantly gold and black on heavy paper, 
shipped unfolded in a cardboard tube. 
$3.00 per set of 2 


the charts are 


MOON SETS 
18 pictures, showing the entire visible face of the moon, 
are made from unsurpassed Lick Observatory negatives 


of the first and last quarters. Each halftone print is 
82 by 1134 inches. Key charts supplied. $3.00 per set 


LUNAR CRESCENT SETS 


10 pictures are a matching series to Moon Sets, but for 
the waxing crescent 41/2 days after new moon, and the 
waning crescent about five days before new moon. Four 
prints are close-ups of the waxing crescent, four of the 
waning; two show each crescent as a whole. Key charts 
included $2.50 per set 


SKY SETS I 


24 pictures of objects in the solar system and in the 
Milky Way, all celestial wonders of interest and beauty. 
Each halftone print is 8/2 by 1134 inches. Separate 
sheet of captions included. $4.00 per set 


SKY SETS II 
24 pictures of nebulae in our galaxy, portraits of other 
galaxies, many made with the 200-inch telescope, and 
four drawings of the 200-inch telescope by Russell W. 
Porter. Sheet of captions included. $4.00 per set 


LUNAR MAP. In two colors and over 10 inches in 
diameter. 25 cents each; 3 or more, 20 cents each 


SPLENDORS OF THE SKY. 
neighbors, near and distant, 
RELATIVITY AND ITS ASTRONOMICAL IMPLICATIONS, by 
Dr. Philipp Frank. 75c 
HOW TO BUILD A QUARTZ MONOCHROMATOR for Ob- 


36-page picture book of our 
in the universe. 75c 


serving Prominences on the Sun, by Richard B. 
Dunn. 50c 
THE STORY OF COSMIC RAYS, by Dr. W. F. G. Swann, 
Bartol Research Foundation. 75c 
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yourself) on your Christmas shopping list. 


of the visible side of the moon. 


striking maps to decorate your clubroom, den, 


For Armchair Scientists 
With both amateur and professional! scientists, 
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ea 


(Offer expires January 31, 1960 


And don’t forget to give 


> SESE 


Here’s a fine gift for all, 
to Sky and Telescope, 


wes 
sees 
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gift card, 


consult your local club. 
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rate plan; 
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three years. 
years; $16.00, 
three years. 
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three years. 


Two Editions Available 


ATLAS OF THE HEAVENS 


ATLAS COELI 1950.0 


These 16 charts by Antonin Becvar and his coworkers 
at the Skalnate Pleso Observatory, Czechoslovakia, cover 
the entire sky to stellar magnitude 7.75, showing double, 
multiple, and variable stars; novae, clusters, globulars, 
and planetaries; bright and dark nebulae; the Milky Way 
and constellation boundaries. 


FIELD EDITION. Each chart is reduced from the origi- 
nal Atlas Coeli and is printed on heavy, stiff paper 
18 by 121% inches. Stars are white on black background. 
Charts are shipped flat and unbound, 16 to a set. Ideal 
for outdoor observing and use at the telescope. 

$4.00 each; 2 for $7.50 


DE LUXE EDITION. Printed in many colors, more than 
35,000 celestial objects, including over 100 radio sources, 
are plotted. Bayer-letter and Flamsteed-number designa- 
tions given. Transparent co-ordinate grid overlay in- 
cluded. The 16 charts are permanently bound in a 
heavy cloth cover, 16/2 by 23 inches, with color chart 
key on a foldout flap. $9.75 


ATLAS ECLIPTICALIS 1950.0 
By Antonin Becvar 


A bound set of 32 star charts, each 17'/2 by 24 inches, 
covers declinations between +30° and —30°, complete 
to magnitude 9.0, scale two centimeters per degree, 
epoch 1950.0. Spectral classes are shown by color. 
See page 16] of the January, 1959, issue for further 
description. Place your order with us and allow time 
for its transmission to the publisher in Czechoslovakia, 
from whom the atlas will be shipped directly to you. 

$17.00 
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Special Christmas Suggestions 


For Lunar Enthusiasts 
Here is a special moon package of five items that will make a wonderful gift for anyone (including 


Moon Sets and Lunar Crescent Sets show breathtaking views 
Our popular Lunar Map is ideal for reference at the telescope. 
Map of the Moon identifies all the important lunar features, 
or observatory wall. 
Moon Sets, Lunar Crescent Sets, Lunar Map 
Elger’s Map of the Moon, Color Charts of the Moon 
A retail value of $11.25 for $10.00 


Sky Sets | and Sky Sets Il have long been favorites. 
Each set contains 24 large pictures of astronomical wonders, including objects in the solar system and in 
the Milky Way, portraits of other galaxies, and drawings of the Hale reflector by Russell W. Porter. 


Sky Sets I and Sky Sets Il 
A retail value of $8.00 for $7.00 


SKY AND TELESCOPE 


from the budding young astronomer to the armchair scientist — a subscription 
the world’s largest astronomical magazine, 
He will remember your thoughtfulness each month as he reads about our rapidly expanding science. A 
informing the recipient, will be sent in time for Christmas on orders received by December 10th. 
(Another way to give this magazine is through membership in an astronomical society that takes the group 


Subscription in the United States and possessions: 
In Canada and Pan American Postal Union countries, $6.00, one year; 
In all other countries: 


5S YER YA 2S BN GE PRN PIN 2S PE BI PIN PI YR LE PS 


Elger’s 
while the Color Charts of the Moon are two 
(Offer expires January 31, 1960.) 


now printing 32,500 copies monthly. 


$9.00, two years; $13.00, 
$11.00, two 


$13.00, two years; $19.00, 


$5.00, one year; 


nT 


$7.00, one year; 


Bose 


MAKING YOUR OWN 
TELESCOPE 


By Allyn J. Thompson. Tens of thousands of amateurs 
are using this basic book on telescope making. Here 
are complete step-by-step directions for making and 
mounting your own 6-inch reflecting telescope at low 
cost. This telescope can use magnifications up to 300 
times. In easy-to-understand chapters, you will learn 
how to grind, polish, and figure the mirror, and how 
to make an equatorial mount that will provide a sturdy, 
solid support for your mirror. 

211 pages, 104 illustrations (6th printing)... 


THE HISTORY OF THE 
TELESCOPE 


By Henry C. King. The first book to tell the full 
story of the evolution of the telescope. 456 pages, 196 
illustrations, extensive references. $7.50 


$4.00 


Here is a popular yet authoritative magazine on 

rockets, astronautics, and space-travel astronomy, writ- 
ten especially for the layman, and edited by members 
of the British Interplanetary Society. 
is printed during January, April, July, 
and October. Please specify the issue with which your 
subscription should start. Back issues to Vol. 1, No. 1, 
October, 1956, are available. 
Subscription in United States and possessions, Canada, 
Mexico, and Central and South America: $2.50, four 
issues; $4.50, eight issues; $6.00, twelve issues. Single 
copy, 75 cents. 


Spaceflight 


Write for descriptive catalogue. All items sent postpaid. Please enclose your check or money order. 


ve 
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Films and the Sky 


THE STORY OF THE UNIVERSE 
UNIT I: THE EARTH AND ITS 
MOONS 


Harlan J. Smith. Films for Education, 
New Haven, Conn., 1959. Six filmstrips, 
$36.00. 

ITH THE ADVENT of the age of 

space travel, astronomy is becoming 
an ever more popular subject and is as- 
suming its proper place as an integral 
part of the elementary science curriculum. 
Science teachers, many of whom have 
little background in astronomy, are now 
required to conduct a unit in this sub- 
ject. Planetarium demonstrations, _ tele- 
vision programs, and other popular pres- 
entations of astronomy are drawing larger 
audiences than ever before. These trends 
produce an increasing demand for quality 
teaching aids. 

The Story of the Universe is a series 
of color filmstrips produced by Films for 
Education. While intended for an upper- 
erade school audience, the strips contain 
enough variety of pictorial material to be 
interesting to still younger groups. Also, 
the technical content and broad coverage 
make these films suitable for high school 
classes, adult laymen, and even college 
survey courses for nonconcentrators in 
astronomy. 

Following the traditional approach to 
the study of astronomy, the series begins 
with the earth and proceeds outward. 
Unit I, “The Earth and Its Moons,” con- 
tains six filmstrips. 

1. “The Earth’s Shape and Size” (56 
frames) deals with several methods used 
by the ancients to prove that the earth 
is spherical and to measure its circum- 
ference. How their proofs and measure- 
ments are borne out by modern science 
is also shown. 


2. “Motions of the Earth in Space” (65 
frames) proceeds from a discussion of mo- 
tion in general to a description of the 
rotation and revolution of the earth. As 
in the first strip, proofs from observed 
happenings are stressed. 


3. “The Earth as a Planet” (67 frames) 
discusses the atmosphere’s mass, density, 
and composition, and explains the radio- 
reflecting properties of the ionosphere. 
Causes of the seasons are also illustrated. 


4. “Exploring the Space Around the 
Earth” (59 frames) first describes conven- 
tional aircraft propulsion and its inade- 
quacies for travel beyond the earth’s at- 
mosphere. The section on rockets con- 
tains a thorough discussion of the law of 
action and reaction. Orbits and their 
properties are treated, as well as escape 
velocity. 
5. “Information from Satellites’ (63 
frames) begins with the uses of artificial 
satellites. Radiation measurement raises 
the subject of the kinds of radiation man 
will encounter in space travel. Condi- 
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ACCUSTAR CO DETROIT, MICH. 


PATENT APPLIED FOR 














YOUR TELESCOPE IS NO BETTER 
THAN YOUR ABILITY TO FIND 
THE THINGS YOU WANT TO SEE 


Now — for the first time 


An entirely practical solution to the amateur’s biggest problem. Now you can find celestial 
objects with an ease, speed, and accuracy never before approached. 

To find any object you must know the sidereal time and ACCUSTAR will give it to you 
instantly. Having already set the outer disk to your longitude, turn the inner disk until your 
clock (standard) time corresponds with the date. The sidereal time is then indicated on the 
inner dial. It’s as simple as that. Consistently accurate within two minutes or less. 

ACCUSTAR will do many things: tell precisely where any star or constellation will be at any 
time or place, determine longitude, tell the solar time with one simple observation easily made 


with ACCUSTAR. 





ACCUSTAR and the book, Find the Stars $9.75 


A precision instrument, blue and gold in color, 10 by 12 inches, plastic coated, 
metal backed, weighs less than a pound. Nothing to get out of order. 

Book Find the Stars has 23 sky maps and needed information on over 250 
celestial objects of prime interest to the amateur. 











ACCUSTAR will be your indispensable guide to the heavens and multiply your pleas- 
ure in exploring them. Order now for yourself or for the perfect Christmas gift. 


ACCUSTAR 


P. O. Box 2806, Detroit 31, Michigan 
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tions in a spaceship especially weight- 
lessness are touched upon, leading to 
an explanation of the difference between 
mass and weight. Finally, the space sta- 
tion and rockets of the future are men- 
tioned. 

6. “The Moon” (72 frames) reviews 
the composition of the moon, conditions 
on its surface, and its gravitational at- 
traction. ‘The moon’s motion as a satel- 
lite — its distance and orbit — are ex- 
plained along with its phases and in- 
fluence on the tides. The question of Why 
we always see the same side of the moon 
is answered, and some prominent lunar 
features are described. 

Perhaps the most impressive aspect of 
the entire series is the excellent artwork 
in all the slides. The text is brief, com- 
pact, and well written. Clarity and con- 
tinuity are stressed throughout. Frames 
of review questions are placed at inter- 
vals, providing an opportunity to test 
the effectiveness of the previous presen- 
tation. Coverage is as thorough as is re- 
quired, and basic concepts of physics are 





introduced and explained where they 
apply to the astronomical topic presented. 

The continuity of topics and text with- 
in the individual strips and among the 
films of the series is most helpful to the 
teacher with little knowledge of astrono- 
my. For the lecturer already familiar 
with the fundamentals of astronomy, a 
series of separate slides would probably 
be preferable for talks on selected sub- 


jects. 

The Story of the Universe is designed 
as an introduction to astronomy, and 
Unit I, “The Earth and Its Moons,” 


makes an excellent beginning toward the 
fulfillment of this purpose. 

Orders for films and requests for further 
information should be addressed to Films 
for Education, Audio Lane, New Haven, 


Conn. Prices are $7.50 for each strip, 


$36.00 for a unit of six filmstrips, and 
$144.00 for the entire set of four units. 
Units II, III, and IV are now in produc- 
tion. 


VALERIE A. ROBERTS 
Charles Hayden Planetarium 





The latest 


Spi tz movet a2 


PLANETARIUM 


has been installed at 


Western Washington 
College of Education 
Bellingham, Washington 


* 
Spitz Laboratories 


Inc. 
YORKLYN, DELAWARE 
Phone: CEdar 9-5212 











U.S. ARMY RELEASE 


PRISMATIC REFRACTING 


TELESCOPES 


Interchangeable 10X and 15X large-diame- 
ter, highly corrected wide-angle eyepieces. 
Solid bronze construction with tripod pivots, 
length 25 inches. Weight of scope 20 Ibs. 

Unusually well suited for astronomical, ter- 
restrial, target-spotting and marine use. Easily 
altered to accommodate standard (11%4” O.D.) 
telescope eyepieces up to 100 power. 

U. S. Government tripod, made of oak with 
bronze legs and fittings, collapsible, extends 
to eye level, Gov't. cost $66.00. Also special, 
aluminum offset yoke with locking device. 
Telescope can be mounted and dismounted in 
seconds. Tripod and yoke $25.00 additional. 


Satisfaction guaranteed or money refunded. 
No C.O.D. 


BEN ROSENBERG 


101 WEST 45TH ST., NEW YORK 36, N. Y. 


EXCELLENT CONDITION 


$ 49° 


Express Collect 
Original cost 
» $500.00 








Includes heavy-duty 
saddle-leather-fitted 
carrying case. 





3%" Achromatic Objective, 
Built-in Filar Micrometer, 
Huge Helical 
Focusing Mount and 
Prismatic Erecting System. 











48 Sxy anp TELEscopE, November, 1959 





NEW BOOKS RECEIVED 
How O xp Is THE EARTH? Patrick M. Hur- 
ley, 1959, Doubleday. 160 pages. 95 cents, 
paper bound. 

Modern knowledge of the age, origin, and 
structure of our planet is described by a lead- 
ing geologist for the scientifically minded 
layman and for students. There is an expla- 
nation of dating rocks by their radioactivity. 

This book is one of the new science study 
series being issued by the Physical Science 
Study Committee, formed in 1956 to im- 
prove secondary-school science teaching in 
the United States. Other books in the series 
are The Neutron Story, by Donald J. 
Hughes; Magnets, by Francis Bitter: Echoes 
of Bats and Men, by Donald R. Griffin; and 
Soap Bubbles, by C. V. Boys. 

Tue Sun, Karl Kiepenheuer, 1959, Uni- 
versity of Michigan Press. 160 pages. $5.00. 

How the sun is observed and recent find- 
ings about solar phenomena are the themes 
of an illustrated book written in nontechnical 
language by an expert. This is a translation 
of a work first published in Germany in 1957. 
ConTEMpoRARY GEopEsy, Charles A. Whit- 
ten and Kenneth H. Drummond, editors, 
1959, American Geophysical Union, 1515 
Massachusetts Ave., N.W., Washington 5, 
D. C. 95 pages. $5.50. 

This volume contains the proceedings of 
a symposium on contemporary problems in 
the measurement of the size and shape of 
the earth. Satellites and other recent ad- 
vances have accentuated the need for an 
international geodetic network. The sym- 
posium took place at the Smithsonian Astro- 
physical and Harvard observatories in De- 
cember, 1958, with 107 scientists attending. 
ASTRONOMISCHER JAHRESBERICHT, Vol. 57, 
1959, Astronomisches Rechen-Institut, Hei- 
delberg, West Germany. 525 pages. DM 60, 
paper bound. 

The world’s astronomical literature pub- 
lished in 1957 is comprehensively listed in 
this latest annual volume of a standard ref- 
erence work. Titles are arranged by subject, 
with short abstracts in German for the more 
important references. The alphabetical sub- 
ject index is in English. 

Tue REALM OF THE NEBULAE, Edwin Hub- 
ble, 1958, Dover. 207 pages. $1.50, paper 
bound. 

This is a photo-offset reprint of Hubble’s 
classic book of 1936, in which he reviewed 
the observational evidence that galaxies are 
other star systems, and summarized his find- 
ings as to their distances, sizes, and distribu- 
tion in space. 

While this work remains a landmark in 
the history of science, much of its contents 
is out of date. Hubble’s scale of distances 
of galaxies, upon which most of his numerical 
conclusions depend, is now undergoing dras- 
tic revision. Hence the book should be read 
with caution, and cannot be recommended 
as a reference for numerical data. 

Space TecHNo.ocy, Howard S. Seifert, edi- 
tor, 1959, Wiley. 1,151 pages. $22.50. 

This systematic textbook for graduate stu- 
dents covers the engineering basis of arti- 
ficial satellites and space travel. The treat- 
ment is in five broad categories: flight 
dynamics, propulsion and structure, com- 
munications and guidance, psychophysical 
and biological problems of space travel, and 
research in space physics. The material is 
based on a course given by the University 
of California in co-operation with Space 
Technology Laboratories. 





6. Southern sector of Moon 





1. Moon — last quarter 2. Great Nebula in Orion 





8. Edge on view — Spiral 
Nebula in Andromeda 





3. Spiral Nebula in Triangulum 





9. Spiral Nebula in 
Canes Venatici 














“The sky’s the limit in decorating today. 
Now, outer space has been brought 
down to earth... Enlargements of astron- 
omers’ photographs of the Moon, Saturn 
...and other heavenly objects brought 
down to wall size, prove to have an un- 
canny kinship with modern art. 

“The pocked surface of the moon 
looks like a textural abstraction. The 
Whirlpool Nebula recalls the heavens as 
Van Gogh painted them.” 














5. Saturn 





7. Solar prominence 





10. Moon—14 days 


$e PIS 
(24” x 36” PRINT) 


THREE PRINTS FOR $11. 
ENTIRE SET OF TEN PRINTS $35. 








from New York Times review of Astro Murals. 


























These superb reproductions are 
in use in leading universities 
and planetaria where they have 
received the endorsement of 
professional astronomers. 
A unique Xmas gift! Order now 
and avoid the Xmas rush. 


s2 Sens esens seen nasa eae ee ene semwm | 
i } 
i | astro|murals | 33 West 60th Street, New York 23, N.Y. 4 
i 
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* TRECKERSCOPE *« 





AMERICA’S NO. 1 TELESCOPE 
FOR AMATEURS 
AND PROFESSIONALS ALIKE... 


THE COAST INSTRUMENT TRECKERSCOPE line has, over 
the years, established itself in amateur historical annals 
as one of the truly fine commercial instruments of all time. 
This by no means insinuates that our research and de- 
velopment has ceased for a second. Rarely has a precision, 
research-quality telescope such as the TRECKERSCOPE been 
in the price range of everyone. Here you buy the STANDARD 
OF COMPARISON of ALL telescopes! * 

Our own parabolic mirrors, NEW 1/20th wave or better, 
with matching elliptical diagonals, figured by one of the 


nation’s finest opticians, from the finest, selected Pyrex, 
insure viewing second to none. Your choice of the world’s 
largest selection of oculars (eyepieces yes, even includ- 


ing the superb ORTHO-STARS your choice of any 3 oculars 





The time-proven HYDRO-GLIDE focusing device is used on 
all models. It eliminates all of the binds and backlashes 
of conventional rack-and-pinion movements the HYDRO- 
GLIDE, and only the HYDRO-GLIDE, moves the eyepiece with 
a cushioned Neoprene roller, assuring satin-smooth focusing. 

Our TRECKERFINDER is superb, producing a wide, flat 
field with resolution equal to high-priced 50-mm. refractors. 

The following accessories are furnished with De Luxe 
models, and are available for the Standard: High-precision 
clock drive, giving effortless viewing, coupled with TRECK- 
ERSCOPE’s exclusive manual flex-line slow-motion control 
for driving your instrument when 110-v. power is un- 
available; fully rotatable tube system; sidereal time and 
declination setting circles (accurate to 0.001’); snap-out 
casters for convenience in moving your telescope from 
storage to viewing location. 


AVOID LATER DISAPPOINTMENTS — BUY TRECKERSCOPE! 


Our treatise, ‘‘WHAT YOU SHOULD KNOW, LOOK FOR, 
AND DEMAND BEFORE BUYING ANY TELESCOPE,’ now in- 


except our 20-mm. Erfle ORTHO-STAR). cluded in our free catalog send for it! 

The second-to-none, super-rigid TRECKERMOUNT can be 
defined as the pinnacle of mechanical perfection. 1/2’’ and TRECKERSCOPE PRICES 
134’ SOLID-STEEL shafts supported by massive aluminum STANDARD 6” $425.00 DE LUXE 6”..... $675.00 
equatorial head castings on thrust surfaces of Teflon pro- a eo oe - 
duce velvet-smooth ax movement. This, in itself, gives 8"..... 525.00 8’... 775.00 
heer viewing enjoyment. The age-old problem of portable - er 775.00 si ae 1025.00 
telescopes retaining their rigidity has been solved by modern “ 19V2" 1135.00  12Vo"" .. 1385.00 
engineering here at our factory. TRECKERSCOPES are easily = ee : ee saciid 
assembled, or disassembled, in three minutes, and rock- 10” CASSEGRAIN ‘SKY-GIANT”..............-. $1795.00 
steady performance is guaranteed. 8’ DE LUXE TRECKERSCOPE @ MADE IN JU. S. A. EXTENDED PAYMENT PLAN ON SCOPES AND MOUNTS 





MIRRORS, PARABOLIC, GUARANTEED UP TO 1/20TH WAVE OR BETTER 
FROM COAST’S OWN OPTICAL SHOP, ALUMINIZED AND QUARTZ OVERCOATED 


6 6 8” 10° 122" 
£/10 f/8 f /7.5 or £/6 f/7.5 or £/6 £/7.5 or £/6 
1/20th WAVE $82.50 $115.00 $255.00 $362.50 
1/10th WAVE $62.50 $95.00 $195.00 $282.50 
1 /8th WAVE $47.50 ies 
REFIGURING, NO CHANGE IN YOUR OWN FOCAL LENGTH 
1/20th WAVE $47.50 $65.00 $110.00 $175.00 
1/10th WAVE $37.50 $55.00 $80.00 $125.00 


ALL PRICES ABOVE INCLUDE MATCHING ELLIPTICAL DIAGONALS AND ALUMINIZING WITH 
QUARTZ OVERCOATING. 


TELESCOPE i 
OPERATING MANUAL : HELAJUST FOCUSING MOUNT 
by Raymond Dudley . 

. : Now at a new low price, but un- 
i om phi excelled in construction. Both push- 
including setting pull for coarse adjustment, and 
circles. sidereal helical movement for fine, precise 
time alignment ori- focusing. Beautifully finished in 
entation. Shows how black crackle and satin chrome, 
to find 52 most with a total extension of main tube 
beautiful objects in and drawtube of 6’’, and engineered 
sky as well as gener- to fit all sizes of tubes without 
al ““how-to-observe”’ modification. Has single-vane-spider 
castructions. 44 holding boss for those desiring this 
pages of informa- method of using diagonal. Guaran- 
tion every amateur teed far superior to any other low- 

priced focusing mount, or money 


neots. ae postpaid . back. (Takes 144’ eyepieces.) $9.95 








TREAT YOURSELF TO THE FINEST Words alone cannot express the superb quality of 
COAST mirror they will positively amaze you with their ‘‘out-of-this-world’’ resolving 
power. This we guarantee you! Dawes’ limit so easily! 
ORTHO-STAR OCULARS | Z 
DUST SEALED — ALL COATED : a 
BEAUTIFUL FINISH : So 
Guaranteed to be the finest you ever used— a 
H 2 
or return for full refund! Outstanding fea- : —— 
tures: wide flat field, sharp to the very edge; : - 
extra-long eye relief; parfocalized for easy : 
change of power; sealed-in optics, never need: A 4 
interior cleaning; hard coated, magnesium: ‘wt 





fluoride; boldly marked for easy identification; striking chrome 
and black-velvet finish, beautifully machined, 14%“ 0.D. 
ORTHO-STAR oculars are available in the following focal 


lengths, giving, for example, the indicated powers when used 
in conjunction with an 8” f/8 mirror: 27 mm.—-61x; 20 mm. 2 @' 
81x; 16 mm.—102x; 10 mm. - 163x; 7 mm.—233x. — 
$19.50 each ppd. 
NOW AVAILABLE: 20-MM. ERFLE ORTHO-STAR OCULAR, 66.7 : 4 
apparent field $29.50 each ppd. ‘ 


f 


# 


ia 


TRECKER-PATHFINDER $89.50 


EQUATORIAL MOUNT —_ complete 


This mount will accommodate 4-inch to 8-inch telescopes. Specify your 
tube size when ordering. 


Standard 36-inch height — massive 12-inch steel shafting, in oil-im- 
pregnated bronze bearings. 


This amazing EQUATORIAL MOUNT is just what the doctor ordered for 
mounting that homemade telescope you labored so hard to finish. Now 
you can purchase a beautifully constructed, highly rigid equatorial 
mount, COMPLETE, for your own telescope as economically as if you 


Tyre had built it yourself. This terrific mount is made entirely of metal; 
ee 


all of the moving equatorial parts are polished to work with maximum 
ease. Legs, head, and counterweight are all removable for easy storing. 
The saddle allows complete rotation of your tube. One of the more 
important features in this mount is that the polar axle is extended for 
ease in attaching a clock drive and/or setting circles, which may be 
added at any time. The TRECKER-PATHFINDER mount also has a beau- 
tiful, chip-resistant finish. Taking all of these unusual features into 


USE OUR EXTENDED PAYMENT PLAN ON ALL SCOPES AND MOUNTS consideration, this is truly one of the best DOLLAR-FOR-DOLLAR values. 





HYDRO-GLIDE ,..75°"5° 


Focusing Device 


Coast Instrument’s own ‘‘Hydro-Glide’’ (type formerly referred 
to as ‘‘rack and pinion’). Now you can have WHISPER-SMOOTH 
control with absolutely no high and low spots as geared units 
have. This has never before been available in any focusing 
mount. Standard in appearance, yet utilizing an entirely new 
concept. We guarantee you will be astonished at its unbeliev- 
able superiority. If this isn’t the absolute ‘‘smoothest,’’ return 
it for full refund. $18.50 patent pending 





TRECKER FINDER Send for Coast ort iiy 
Instrument’s Pro- Hit “¢ <4 
7x, 50-mm. objective, helical if 
focusing, with mounts and 
crosshairs. Same as used on 


TRECKERSCOPES. $18.50 


fessional MIRROR | 
CLEANING KIT. 


$2.35 ppd. 





Ee 


MIRROR | 
CELLS 4-VANE 


(] SPIDERS 


Skeleton type 


Saeatns | Se $17.95 i 6” i aisha wire 10” ...%: $14.95 
pica sate 51095: 1210"... SRN 88" oo cer $11.50 1212” ... $16.95 





SEND FOR OUR NEW 68-PAGE CATALOG showing many of the other 
telescope items manufactured or distributed by COAST INSTRUMENT. It 
includes our treatise, ‘‘“WHAT YOU SHOULD KNOW, LOOK FOR, AND 
DEMAND, BEFORE BUYING ANY TELESCOPE,” an impartial, informative 
article that will give you information you‘ve probably been looking for 
to help make up your mind as to just what telescope you should buy! 











All prices, unless otherwise indicated, are at our warehouse in Long Beach, California, from where shipping charges will be added, and are subject to change without notice. 
Nominal crating charge added for all telescopes and mounts. California residents: Add 4% sales tax to all prices. NOW APPOINTING DEALERSHIPS . . . INQUIRIES INVITED. 


TRECKERSCOPES ARE CUSTOM MADE IN AMERICA BY PROFESSIONAL OPTICIANS AND ENGINEERS. 


COAST INSTRUMENT, INC. 


“IN OPTICS SINCE, 1933” 


4811 Long Beach Blvd., Long Beach 5, Calif. 


Phone: GArfield 2-3411 or NEvada 6-7683 
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GLEANINGS FOR ATM’s 


CONDUCTED BY ROBERT E. COX 


A Low-POWER MICROSCOPE SYSTEM FOR HIGH MAGNIFICATIONS 


URING the 1958 opposition of Mars, 

for my evening astronomy class at 
the Wilke Observatory of Macalester Col- 
lege, I tried projecting the planet’s image 
directly from the telescope onto a white 
screen. The 8-inch f/8 reflector and a 
good l-inch eyepiece gave a much larger 
and brighter image than I had thought 
possible. 

Since the 8-inch reflector is Springfield 
mounted for the observing convenience 
of visitors and students, the focal plane is 
not extended very far from the last prism 
in the optical train. This helps reduce 
the size of the prisms and lowers diffrac- 





tion and light loss. However, it prevents 
the use of a Barlow lens for increased 
magnification, and all high powers have 
heretofore been obtained using short-focal- 
length eyepieces with little eye relief. 

While looking at the projected image, 
the thought suddenly occurred to me that 
here was half of the optical system of a 
low-power microscope. If another eyepiece 
were placed behind the image, in place of 
the projection screen, then it would be 
viewing the enlarged image with a great 
increase in magnification. 

In an ordinary microscope, an objective 
of short focal length is used to form an 
enlarged image of an object by projection, 
the image then being examined by a mag- 





nifier or eyepiece. While conventional 
microscopes have a standard separation 
between the optics, here that spacing 
could be varied over a wide range to give 
a corresponding range in amplification. 
Experience has shown that this arrange- 
ment is practical. 

The explanation of the method is sim- 
ple. In a telescope, an eyepiece with an 
EFL (equivalent focal length) of 1” has 
its principal plane 1” from the image 
formed by the main objective, and the 
emerging beams of light are parallel. If 
the eyepiece is withdrawn twice its focal 
length from the primary image, in this 


Dr. Sherman Schultz, 
Jr., demonstrates his 
method of amplifying 
telescope magnification, 
on the 8-inch reflector 
at the Wilke Observa- 
tory of Macalester Col- 
lege. He uses a positive 
lens at the diagonal eye- 
piece holder, and the 
ocular is at the end of 
the long extension tube. 
The author has sup- 
plied all photographs 
with this article. 


case 2”, it will project a secondary image 
equal in size to the primary one, but in- 
verted and 2” behind the eyepiece. This 
system would have no amplification, only 
transferring the image to a position some 
4” or 5” from the primary focal plane 
(the thickness of the eyepiece assembly 
must be added, too). 

If the eyepiece is slowly brought closer 
to the primary image, the projected image 
swiftly moves to a greater distance and its 
size increases. In a l-inch projection sys- 
tem, the amplification is half the distance 
between the eye lens of the eyepiece and 
secondary image. Thus, if the image is 4” 
away, its size will be doubled; 6”, tripled. 
The use of another l-inch eyepiece to 


ECON A l-inch eyepiece placed 
to act as a transfer lens 
with no amplification. 
Note that the new image 
has been erected. 


IMAGE 
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Precision Diagonals 


You will get the best possible per- 
formance from your telescope with one 
of our clear fused quartz diagonals. 
Accuracy guaranteed 1/20 wave. 


Ellipse 1.25" x 1.77" $12.00 
Ellipse 1.5" x 2.12" $15.00 
Pyrex diagonals, 1/8-wave accuracy. 
Ellipse 1.25" x 1.77" . . § 6.00 
Ellipse 1.5 x 2.12" . . $ 9.00 
Without aluminum coating, deduct $1.00. 


Send for our complete list of supplies, 
quartz mirrors, blanks, oculars, 
coatings, and accessories. 


E& W OPTICAL CO. 


2406 E. Hennepin Ave. 
Minneapolis 13, Minn. 











OPTICAL FLATS 
Pitch Polished, Beral Coated 
Rectangular shape 
134” x 1%” 
Y, wave $1.75 each 
4 wave $4.50 each 
Postpaid. 


Elliptical shape 
Heavy edges to minimize 
temperature effects. 
114” minor axis. 
VY wave $4.00 each 
Y% wave $6.50 each 
Postpaid. 


BERAL COATINGS — same optical character- 
istics as aluminum — _ mechanically more 
durable — not over-coated — may be removed 
without harming glass surface. Prices for 
Beral coating telescope mirrors: 4” diameter - 
$2.75, 6” - $3.50, 8” - $4.50, 10” - $6.50, and 
1214” - $9.75 each, f.o.b. Skokie. 


LEROY M. E. CLAUSING 
8038 Monticello Ave. Skokie, Il. 

















TELESCOPE MAKE 


Everything for the Amateur 
Miror KITS... . . .$4.50 up 


Making 
Thousands of our customers with no special 
training have built powerful precision tele- 
scopes with our quality supplies, instructions, 
and guidance. 








Send for Complete 
Telescope Making Instructions, 10c 


ALUMINIZING 


Superior Reflecting Surface. 
_ Guaranteed not to peel or blister. 
Mirrors Made to Order — Mirrors Tested Free 









EYEPIECES PRISMS 
CELLS BINOCULARS 
PRECISION ; 
TRI-TURRET 


Holds 3 standard 114” 
O.D. eyepieces. Smooth gs 
turn to grooved notch 
aligns eyepiece _ pre- } 
cisely, ready to focus 
for various powers. 
Suitable for reflectors 
or refractors. $15.75 


ORTHOSCOPIC EYEPIECES 
HIGHEST QUALITY © MADE IN U.S.A. 


Special four-element design, with fluoride- 
coated lenses, gives a wide flat corrected field. 
Standard 1144” O.D.—E.F.L. 6-8-12-16-24- 
estes . Postpaid $15.95 


Write today for FREE Catalog. 


Precision Optical Supply Co. 


1001-T East 163rd St., New York 59, N. Y. 
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For extreme amplifications one or mpre 14” tubes may be coupled together. Here two of them are joined by a piece of metal 
tubing. With a l-inch projection lens at the left, and a 1-inch eyepiece at the right, this arrangement increases the magni- 


view the projected image will yield re- 
spective powers two and three times nor- 
mal for the telescope used. If a }-inch 
eyepiece is used to view the projected 
image, the power will be increased four 
and six times, respectively. 

Since eyepieces are designed primarily 
to emit parallel light, I decided to try a 
system that was specifically designed for 
projection purposes, and selected a good 
f/1.6 8-mm. motion-picture projector lens 
of 1” focus. But no perceptible difference 
in image quality could be detected in 
comparison with a good orthoscopic eye- 
piece. Therefore, if you have an excellent 
ocular that can be used as a projection 
lens, it is unnecessary to buy any extra 
optics. 

The table shows the amplification ef- 
fect with various eyepiece combinations 


fication by a factor of about six. 
and separations, using a l-inch eyepiece 
for projection. 


TABLE OF AMPLIFICATION 


Distance 


of projected Viewing eyepiece 


image l-inch Y2-inch Y-inch 
2” Ix 2x 4x 

: 
4” 2x 4x 8x 
6” 3x 6x 12x 


For assembling the low-power micro- 
scope unit, chrome plumbing tubing is 
quite suitable. It comes with an outside 
diameter of 11” along most of its length, 
and the flared-out section at one end has 
an inside diameter of 11”. To prevent 
internal reflections the inside should be 
painted black. If necessary, several tubes 
can be fastened together by couplings, as 
shown in the picture above. 


The method of mounting the unit will 
depend yen the construction of the pro- 
jection eyepiece. If the eye cap can be 
removed without disturbing the eye lens, 
then the eyepiece can be slipped into the 
1}”-inside-diameter section of tubing. If 
this cannot be done, then a little more 
ingenuity must be used. Be sure that the 


=P. 
RI. 





If a l-inch eyepiece is used, it must be 
placed less than two inches from the 
primary image to project an image that 
is enlarged—two times in this example. 





stronomica 


featuring our 


SPACE K-4 
DELUXE 


WANTED 

Professional and Amateur Astronomers 

Put your ideas and experience to 

work. Extensive expansion program by 
Spacek Instrument Co. 

requires individuals with 

a knowledge of tele- 


scopes, optics, and as 
tronomy. 
Proven design, low 


cost, and excellent per- 
formance of our SPACE 
K-SERIES telescopes 
have met with the ap- 
proval of many schools, 
observatories, and clubs 

Here is an excellent opportunity for 
responsible persons, who are interested 
in supplementing their income, to dem- 
onstrate and sell our telescopes. 

Write for complete information about 
our Individual Dealer Plan. 





















Optical system: 4!4-inch mirror, 


finish. 


bracket. 


e Pedestal: Heavy-wall steel tube with collapsible legs. Guaranteed free from 
torque and wobble. Design allows tube to be swung in any position without 
bumping into legs. Pedestal, mount, and legs painted black crinkle finish. 

e Three eyepieces: 50x Kellner, 100x and 200x Ramsdens. 


e Instructions. 


$8950 


TELESCOPES 


by SPACEK INSTRUMENT CO. 


CONSIDER THESE PROFESSIONAL-TYPE FEATURES 


{/1l1, spherically corrected with surface 
accurate to 1/ wave, aluminized and quartz over-coated. 

e Mounting: Equatorial and adjustable for latitude. 
castings with ]-inch-diameter shafting on both axes and Tensalloy bear- 
ings. Clamps provide any degree of tension desired. Two lock-nuts on 
saddle permit simple removal of tube. All steel parts chrome plated and 
carefully machined to give maximum rigidity. 

e Tube: Seamless aluminum, painted black inside, with hammer-tone green 


Rack-and-pinion focusing: Accommodates standard 1!4-inch eyepieces. 
Finder: 6 power, with achromatic objective, and mounted in adjustable 


Massive aluminum 





SRE Gn II ook on cree hei viccniesencsecss ees $249.50 

SPE BS eee INO 6 6.5.6.5 5 6.0.0 sc-cenceeceneseces $ 39.50 

OTHER SPACE SPACE K-SATELLITE (3-inch Altazimuth).................+- $ 29.50 

RACK AND PINION (fits any size tube).................... $ 8.50 

K-SERIES Se I He oo oie cc cciiserccecccesnvaas $ 7.25 
TELESCOPES MIRROR CELLS: 6-inch, $6.50; 8-inch, $10.50; 10-inch, $19.50 


Prices are f.o.b. Pottstown, Pa. 
Pennsylvania residents add 3% sales tax to all prices. 


AND ACCESSORIES 








All prices subject to change. 
Write for free literature. 
DEALER INQUIRIES INVITED 





SPACEK INSTRUMENT CO. 


1130 Sembling Ave. 
Pottstown, Pa. 
Telephone: FAculty 3-2825 
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eye lens of the projection eyepiece is 
turned toward the new image plane. 
Has this system any advantages over the 
use of a Barlow lens? First, if you already 
have good eyepieces, it is not necessary to 
purchase any more optical parts. Second, 
since the usual Barlow’s diameter is smaller 
than that of the incoming cone of light 
from the primary mirror, there is a de- 
cided narrowing of the field and also vi- 
enetting. Because the low-power micro- 
scope system is placed behind the focus at 
a position where it intercepts the full cone 
of light from the primary, it has a mini- 
mum light loss and vignetting. Third, 
from two or three good eyepieces almost 


) 


any reasonable power can be secured with 
a modest collection of extension tubes. 
These eyepieces need not be high-power 
ones, probably no shorter than a 3-inch. 
It is most important to keep the tubes 
mechanically stable and rigid, as bending 
can cause serious image distortion and 
poor focus. The Springfield mounting, 
with its stationary eyepiece location, is es- 
pecially suited for this system. On German- 
or fork-mounted Newtonians, care should 
be taken not to overbalance the telescope, 
setting up unwanted vibrations. 
SHERMAN W. SCHULTZ, JR. 
944 Cobb Rd. 
St. Paul 17, Minn. 
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PRIMARY 
FOCAL 
PLANE 


a MAGNUSSON TELESCOPES 
AND ACCESSORIES 


¢ New mountings as low as $29.00 and 








$59.00. 








Fig. 1. A reduction of almost one half 
can be made in the size of a Newtonian 
diagonal by the introduction of a trans- 
fer lens working at unity power, as 
explained in the text below. 


SOME ADVANTAGES 
OF A TRANSFER LENS 


R. SCHULTZ’S method of project- 

ing the prime-focus image of a tele- 
scope has important advantages when the 
object and image are equidistant from 
the projection lens. Then it simply trans- 
fers the image from one focal plane to 
another, without change in magnifica- 
tion. If the lens is of good quality, no 
serious aberrations are introduced by the 
transfer. 

With this system, a smaller diagonal 
can be used in a Newtonian reflector. 
Fig. 1 shows a 6-inch reflector fitted with 
a l-inch orthoscopic eyepiece as a trans- 
fer lens. The diagonal would normally 
be placed 5.5” inside the primary focus, 
and it would have a minor axis of 1.11”. 
With the transfer lens, the diagonal need 
be only 1.5” inside the primary focus, 
and its shortest diameter can be 0.65”. 
Only 1.2 per cent of the incoming light 
is blocked by this diagonal, instead of 3.4, 
and there is less diffraction from the 
shorter circumference. It is also possible 
to place a field stop near the new focal 
plane to remove stray light during day- 
time observing. 

In designing a Newtonian that uses a 
positive lens to reduce diagonal size, care 
should be taken that the focus is either 
in front of or entirely behind the diago- 
nal itself. Were any part of the flat mir- 
ror to lie in the transfer-image plane, 
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NY PROJECTION 


© New low-priced clock drives. 
EYEPIECE 


Parts ave sold separately. Write for prices. 


O. MAGNUSSON 


14570 W. 52nd Ave., Arvada, Colorado 
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NEWTONIAN 
FOCUS 


PROJECTED 
FOCAL PLANE 











MAKE A FINE NEWTONIAN TELESCOPE FOR LITTLE MONEY 


No need for months of tedious grinding. Telescope success is assured you. 
For those who wish to make their own, we supply COMPLETED (machine- 
made) MIRRORS, ALUMINIZED, with lenses for eyepieces and flat, as 
follows: 

3” Kat, 39” £.1., 4 


and 80 power 


$7.00 + 25¢ postage 
i” Kit, 54” f.1., 60 and 120 power 
$12.00 + 40¢ postage 


6” Kit, 63” f.l., 65 and 130 power 
$20.50 + $1.00 postage 
8” Kit, 85” f.1., 85 and 170 power 


$55.00 + $4.00 postage 





Send for your telescope kit NOW. 
Free instructions with each kit. 


HARRY ROSS Telescopicals 


59 to 63 Reade Street 
New York 7, New York 








DE LUXE 
As illustrated — with new plastic 


tube, 6x finder, heavy all-metal tri- 
pod, equatorial mounting, and 60x 
eyepiece. 

Price $44.75 
Unconditionally guaranteed. 
100% American made. 

Write for free brochure showing our 
standard model which has been sold 
world-wide for over 20 years. Sky- 
scope still remains outstanding in 
value by any comparison. 


THE SKYSCOPE CO., INC. 


P. O. Box 55S, Brooklyn 28, N. Y. 
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Mounted Eyepieces 


The buy of a lifetime at a great sav- 
ing. Perfect war-surplus lenses set in 
black-anodized standard aluminum 
14%,” O.D. mounts. 


AIRSPACED OBJECTIVES 





























MOUNTED IN ALUMINUM CELLS f/15 











F.L. TYPE PRICE sas: a : ye i 
e We offer the lowest priced, hand-corrected, precision, American-made astronomical objective, mounted in 

6mm. (¥/, a Ramsden .. $ 4.75 a black-anodized aluminum cell. Our reputation for high-quality astronomical lenses has established us 

12.5 mm. (y; f Ramsden . woe 4,50 as the most reliable source in the industry. 

12.5 mm. (2") Symmetrical ............ ve 6,00 

16 mm. (54”) Erfle (wide- angle) 12.50 

16 mm. (%”) TEIPLCE .seccvrersrereeceess 12.50 “Those in the know” BUY FROM US BECAUSE: 

18 mm. (34”) Symmetrical 6.00 

22 mm. (27/32”) Kellner. ............. ‘ 6.00 

27 mm. (1-1/16”) Kellner iaianioas 4.50 Each lens is thoroughly tested by us and is guaranteed to resolve two seconds of arc or better. They are 

32 mm. (11/4”) Orthoscopic .. 12.50 corrected for the C and F lines (secondary chromatic aberration). The zonal spherical aberration and 

35 mm. (134”) Symmetrical . 8.00 the chromatic variation of spherical aberration are negligible. The cell is machined to close tolerances 

55 mm. (2-3/16”) ere ... 6.00 so that it will fit directly over our standard aluminum tubing, eliminating any mounting problems. 

56 mm. (2% a Symmetrical ciseatenstigremmsnsssoterse a 6.00 34,” diam., 48” F.L. (uncoated) - $28.00 41%” diam., 62” F.L. (uncoated) .............. $60.00 
COATED LENSES 75 cents extra. Same as above with coating $32.00 Same as above with coating sees $69.00 


“Giant” Wide-Angle Eyepieces We can supply ALUMINUM TUBING for the lenses above. 
at A “BIG” ACHROMATIC TELESCOPE OBJECTIVES 








contains 3 coated achromats. 114” We have the largest selection of diameters and focal lengths in the United States available for immediate 
a ro ou 

E.F.L., clear aperture 2%”. Has a delivery. These are perfect magnesium-fluoride coated and cemented Gov't. surplus lenses made of finest 
focusing mount with diopter scale. crown and flint optical glass. Not mounted. Fully corrected. Tremendous resolving power. They can 
Will make an_ excellent 35-mm. readily be used with eyepieces of only 44” focal length, thereby producing high powers. Guaranteed 
Kodachrome viewer. _—— a well suited for astronomical telescopes, spotting scopes, and other instruments. Gov't. cost up to $100. 
h tHMES .....---eeeenee . $12.50 se Diameter Focal Length Each Diameter Focal Length Each 
vn = se hee — scale . Ps epssseosteene ao 54 mm. (2%4”) 254 mm. (10") on... $12.50 $3 mm. (314”) 660 mm. (26”) ........ $28.00 
EERE: EMER TOE TOL CYEPICCE EUOVE «...... , 54 mm. (214”) 300 mm. (11.8”) ...... 12.50 83 mm. 3%") 711mm, (28%), «...:.: 28.00 
WIDE-ANGLE ERFLE (68° field ) 54 mm. (21%”) 330 mm. (13”) .......... 12,50 83 mm. (314”) 762\rom: (30"). ...:.... 28.00 
a Brand = nar yt a 54 mm. (214”) 390 mm, (15.4”) » gga 83 mm. (314”) 876 mm. (3414” . 28.00 
fo bel is Fanenene ? 3. 50 54 mm. (214”) 508 mm. (20”) .......... 12.50 83 mm. (314”) 1016 mm. (40”) ........ 30.00 
54 mm. (24%”) 600 mm. (2314”) ...... 12,50 102 mm. (4”) 876 mm. (3444”) .... 60.00 

1%4”"-diam.,. viantnenl for eye- 8 72 a 4 
piece above ..... is . $3.95 54 mm. (24%”) 762 mm. (30”) ........... 12.50 108 mm. (444”) 914 mm. (36”) ........ 60.00 
RFLE 11,” E.F.L. Brand new 54 mm. (21%”) 1016 mm, (40”) .......... 12.50 110 mm. (43%4”)* 1069 mm. (42-1/16”) 60,00 
aaaae es Kodak s rare-earth glasses; aperture 54 mm. (214") 1270 mm. (50) .......... 12,50 110 mm. (4%”) 1069 mm. (42-1/16”) 67.00 
3” focusing mounts; 65° fiel . $12.50 78 mm. (3-1/16”) 381 mm. (15”) . - 21.00 128 mm. (5-1/16”)* 628 mm. (24%4”) .... 75,00 
144" ‘-diam. Adapter for eyepiece above ........ $3.95 80 mm. (31%”) 495 mm. (19¥”) ..... 28.00 128 mm. (5-1/16”) 628 mm. (24%4”) .... 85.00 

81 mm. (3-3/16”) 622 mm. (244") woe 92,50 *Not coated 





Astronomical Mirrors 


These mirrors are of the highest quality, polished to 


@ We can supply ALUMINUM TUBING AND CELLS for the lenses above. @ 





















Vy-wave accuracy. They are oo raga an as CO ee ae ertatar 
silicon-monoxide protective coating ou wi e ‘ = 
pleased with their performance. ; NEW! 6” LENSES 8-POWER ELBOW TELESCOPE 
Diam. FL. Postpaid = This M-17 telescope has a brilliant- 
Plate Glass 3-3/16 427 Aart Our 6” objective does not need high-pressure sales- image 48° apparent field — 325 feet 
Pyrex 4%, 457 25.00 manship. Its sparkling performance speaks for at 1,000 yards. The telescope can be 
Pyrex 6 60 , itself. Test one, or have any qualified person test adjusted for focusing 15. feet to in- 
_ it; we are certain that you will be satisfied. If not, finity. It has a 2” objective, focusing 
° ; take advantage of our money-back guarantee. eyepiece 28-mm. focal length 
Mirror Mount with an Amici eg sys- ; ; 
6"-DIAM. AIR-SPACED TELESCOPE } tem. ‘Turret-mounted filters: we 
Cast aluminum. Holds all 2 clear, red, amber, and neu- Fe 
our mirrors firmly with metal OBJECTIVE ¢ tral. Lamp housing to illu- % ; 
clips. Completely adjustable. { minate reticle for nighttime 8 x 50 
Seemed. ae ; o $4.00 P Hard-coated on 4 surfaces § use. Truly the biggest aa — $ 
. Mount fits our 414” tubing .00 ppd. ) ain you were ever offered. Original Gov't. cost $200. 
44" Mount fits our 5” — tubing 4.00 ppd. £/10 - 60” focal length { OUTED is teens ? siti 
6" Mount fits our 7’ tubing 6.50 ppd. si iia BARGAIN Uncoated $13.50 ppd. 
§ MOUNTED .. 175.00 PRICE Coated $17.50 ppd. 


ee ° £/15 - 90” focal | 
Rack-&-Pinion Eyepiece Mounts 18 - 90" focal length} UNMOUNTED .. 150.00 


haere gad ALUMINUM TUBING for the —_" inc LESCOPE 











— oe 
: Coated Binoculars 40 POWER 
Beautifully styled imported binoculars. Precision made. 
LOW, LOW PRICES! ALL 
. . LENSES 
Here is a teres opportunity COATED 
or alisehars for you to own a most mechani- 
cally perfect Rack-&-Pinion Fo- 
cusing Eyepiece Mount with vari- / 
able tension and adjustment. Will HIGH-POWER SCOPE / \\ 
accommodate a standard 114” AMERICAN MADE \ 
eyepiece, positive or negative. The body casting is Big 3”-di I 
made of lightweight aluminum with black-crackle yd ania wil aes / \ 
iy ks tes aes bee a cae ae os American Type "Zeiss" Type you the brightest crystal- // . 
reflectors 2”, and will fit all size tubing. Complete with carrying case and straps. American type clear images. Micrometer 
ies offers a superior one-piece frame and clean design. spiral focusing drawtube, 
REFRAC TOR TYPE for 244” I.D. Tubing $12.95 ppd. lightweight aluminum con- 
for 34%,” I.D. Tubing 12.95 ppd. Size Lield Type Center Ind. struction throughout, tough black crackle finish. Length 
“ for 43%” I.D. Tubi 12.95 ppd at 1,000 Focus Focus open 22”, closed 1514”. Upright image. Guaranteed 
OF S7g F.47. SUDINE “7o pps. yards to perform flawlessly. $57.50 ppd. 
REFLECTOR TYPE (less diagonal holder) 8.50 ppd. 6x15 360 ft. Opera a, 912.75 
DIAGONAL HOLDER cient 1.00 ppd. 6x30 395 ‘Zeiss”’ $18.75 16.75 TRIPOD FOR TELESCOPE ABOVE 
4 Rl on Pose is” Shae. Saahieniaies. alk nmnal: ‘Mach. cradle Boles 
. . ° x 341 merican 23.50 = urdy, lightweight, all-meta ack crackle finishe 
Special Coated Objective 7x35 578 Wide-Angle 11° 3590 — tripod. Ballswivel joint allows easy dlitectional ‘ad 
oo 7x50 372 “*Zeiss’’ 24.95 22.50 justments quipped with a standar 4x stu 
BIG 2V¥e” DIAM. — 15” F.L. — $6.00 7x50 372 American 32.50 = which will fit any photo tripod. Stands 11” high, 
These achromatic objective lenses are tested and have 8x30 393 ‘"Zeiss”’ 21.00 18.25 weight 14 Ibs. Comes with web straps. $8.95 ppd. 
the same high quality as ‘‘Big Lenses’’ described above, be x 4 275 ‘Zeiss’ 28.75 26.75 
except they are seconds for slight edge chips or small x 183° Zeiss 33.75 31.75 
scratches only. Quality guaranteed. ONLY $6.00 ppd. All prices above plus 10% Federal tax. @ “MILLIONS” of Lenses, etc. @ 
. Free Catalogue 
P| AEGE Ss 691 S Merrick Road We pay the POSTAGE in U. S. — C.0.D.’s you pay 
| postage. Satisfaction guaranteed or money refunded 
e R 41) Sele) Sean, Fae & if merchandise returned within 30 days. 
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dust or surface imperfections would be in 
focus in the final image. 

Springfield-mounted telescopes can also 
benefit from transfer lenses. Instead of 
the large diagonal mirror conventionally 
employed to bring the light down the 
declination axis, a significantly smaller 
flat can be used. With careful design, a 
transfer lens of several inches focal length 
allows the primary diagonal to be re- 
duced in size in the same proportion as 
in our example of the Newtonian re- 
flector. 

Horace E. Dall has designed a 
pound telescope in which the secondary 
focus is between the primary and sec- 
ondary mirrors, but is brought to a new 
focus behind the primary by a_high- 
quality triplet lens. (This plan is de- 
scribed in Scientific American for May, 
1939; December, 1947; September, 1951; 
and April, 1952.) The image is erect and 
a field stop permits daytime viewing even 
with an open tube. I built an 8-inch 
reflector of this type, and obtained fine 
results with a war-surplus erecting system 
for a unity-power transfer lens. I use a 
2-inch secondary mirror and a field stop, 
and for terrestrial viewing the brilliance 
and color rendition of the images leave 
little to be desired. 

Perhaps the most interesting applica- 
tion of a positive transfer lens is a pan- 
cratic system — one with alternative effec- 


com- 






rx 




















Fig. 2. The principle of a pancratic 


lens system, part “a” showing the re- 

versibility of the light paths, while “b” 

and “c” illustrate actual systems. If the 

focal pri are to remain fixed, the 

projection lens may be placed in only 
two positions. 


tive focal lengths but having fixed focal 
planes. This is made possible by the 
action of conjugate foci and the reversi- 
bility of a light path in an optical system. 
In Fig. 2a, a triplet lens of about 1.2” fo- 
cal length is 2” from an object and forms 
an image 3” on the other side of the lens. 
If the object is transferred to the image 
plane, light passing in the reverse direc- 
tion through the lens (dashed lines in the 
drawing) will form a new image 2” from 
the lens. But the sizes of the images will 
be different, the one nearer the lens being 
the smaller. 

Figs. 2b and 2c show the application of 
such a lens to the Newtonian reflector of 
Fig. 1. If the focal length of the primary 
mirror is 48” and the image size 1/100 
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When you build your telescope build a good one. 

















diam. x 3” with 1” or 114” bore. 





tions. 


Weight 1214 lbs. 


SETTING CIRCLES 5” cast alumi- 
num with machined faces. 14 
are matte-white 
legible figures and accurate black gradua- 
1” to 2” bore. 


6” MIRROR CELL Solid plate pro- 
Ring housing reduces convec- 
Improved clips hold mirror 


tects mirror. 
tion currents. 
without pressure. 
adjustments prevent vibration, keep mirror 
in collimation. No springs. Cast aluminum, 
machined for 7” O.D. tube. 


DIAGONAL HOLDER Fully adjust- 
able, shockproof design. 
mirror position 0.050”. 


aluminum with 





CLEVELAND PARTS 


are designed to match 
and machined to fit 


You put a lot of time and work into your 

telescope before it’s finished. If you want a 
fine, professional-looking instrument at low cost, 
and smooth, trouble-free performance, use guar- 
anteed Cleveland parts. They're first choice of 
ATM’s because they go together easily without 
special tools. You'll be proud of your Cleveland. 


CLEVELAND EQUATORIAL MOUNT 


1 Rotating base permits you to set up anywhere, 

then easily align and lock the polar axis on 
north. Makes accurate locating and tracking 
much easier. 
Quick-adjusting, 
with concealed stop permits rotation of tube 
in saddle, keeps tube in correct balance, pre- 


positive-locking tube clamp 


vents sliding. 
PRICE LIST 3 Husky, vise-grip latitude adjustment is easy to 
change, stays where you put it. We set it to 

EQUATORIAL MOUNT ‘our latitude before shi = 
Complete, for 7’ tube ........ $ 79.50 f.o.b. baths soil. a 
wanes > nieces sete 5 i 4 Rigid, high-strength aluminum construction 
Without eps tubes to 9” x 60 89 2975 ig eliminates excessive weight, prevents rust. 

top for permanent mount 305 “ All parts accurately machined to close toler- 

COUNTERWEIGHT 12V2 Ibs. ... 4.95" ances for smooth, trouble-free operation. De- 
Extra weight, per pound ...... a ” ° i a 64 “ 7 

ALUMINUM TUBE 7” 0.D. x 60” 1485 ” signed for easy addition of accessories. 

6% MIRROR CELL for 7” tube .... 8.35 ppd Accurately ground and polished steel axles, 

DIAGONAL HOLDER for 1%" x - : . ‘ 
134" x Va" elliptical or rec- extra-long bearings and large brakes provide 
tangular mirrors or 11/4‘ prism. free movement and precise control. 
we a Bar _ = 795" 7 Sturdy, cast-aluminum, tapered channel legs 
fer tubes up to 10’ diameter... 9.15 “’ open to fixed position, require no folding 

14%” EYEPIECE HOLDER ........ 7.95 * braces. Close easil , f, r rrving 

SETTING CIRCLES 1” to 2” bore. nee eee 
(Specify shaft diameter) Per pair 12.75 “ 

COMPLETE PARTS and instructions SPECIFICATIONS: Heavy-duty saddle, tube clamp, 
for building the 6’ Cleveland, axle bearings, rotating base, tripod top, tapered channel 
except optical parts ........ 129.75 f.o.b. legs, and extra pier top are cast aluminum. Axles are 

6” PYREX MIRROR f/8 1/10 wave, 114” ground and polished steel. Bearings are 514” long. 
parabolic, beryllium coated, with Large-area brakes, knurled bronze-aluminum alloy adjust- 
matching 1/10 wave, 1.25” x ing knobs. Brass thrust washers at all friction points. 
VidA CUNNOMEE hccey sGasecake 67.50 ppd. og oy = lock rotating base in V groove in tripod 

- top, release for easy transfer to permanent pier. Latitude 
Add 3% sales tax on Ohio orders. is adjustable 0° to 55°. Latitude bolt, leg bolts, nuts, 
washers cadmium plated. Weight 23 Ibs. 
| COUNTERWEIGHT Lead and_antimony. 3%” TELESCOPE TUBE Extruded aluminum. 7” O.D. 


Not machined. 


x 0.072” wall x 60” length. 


”-wide scales 
large, 


Specify shaft size. 


Shockproof, cushioned 





One turn moves 
Three screw ad- 


justments give you perfect control of mir- 
ror angle, make collimating easy. Made 
for 1% x 1% elliptical or rectangular mir- 
rors, or 114” prisms, tubes up to 10”. 
Specify mirror type, size, and tube I.D. 
when ordering. 


14%” EYEPIECE HOLDER Acme. 
threaded brass sleeve in accurately ma- 
chined, cast-aluminum housing gives you 
smooth, micrometer-sharp focusing. One 
turn moves eyepiece 0.125”. Stays where 
you set it. Only one moving part. 


CLEVELAND ASTRONOMICS 


BOX 209, CHAGRIN FALLS, OHIO 
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¢44444+44DELUXE PYREX+++++¢++ 
Reflecting Telescope Kits 
Our kits have PYREX mirror blank, PYREX 


tool the same thickness, ample supply of optical 


quality abrasives, fast-polishing cerium oxide, 
red rouge and pitch. Packed in metal cans. 
Size Thickness Price 
44" %" $ 6.00 
6” Na $10.50 
8” 1a" $18.75 
10” 134" a $33.65 
122" 2 $59.95 
ADD POSTAGI Ist and 2nd postal zones 
from Detroit, add 5%: 3rd and 4th, add 
10%; Sth and 6th, add 15%; 7th and 8th, 
add 20%. Or we will ship C.O.D. , 


of supplies, 


telescopes. 


Send for free catalog 


accessories, and refracting 


ASHDOWNE BROS. 


18450 Grand River Detroit 23, Michigan 
4444444464444 44444444444 44444 





NOW! 
Use BOTH Eyes for Your 
Visual Observing 


Your telescope virtually becomes a giant binoc 
ular when used in conjunction with our newly 
developed double ocular attachment (one eye 
piece for EACH eye) 

Fits standard 114” fo- 
cus tube unless other- 
wise specified. Com- 
plete price, including 
matched wide-angle 


oculars 
only $95.00 
postpaid anywhere 
in the world 
Order your double eye 
piece holder today. Checks 
or money orders accepted 


BRAYTON OPTICAL EXCHANGE 


3343 Park Vista Dr., La Crescenta, Calif. 











TRIGARTH 
TURRET 
and 
Eyepiece 
Attachment 


with Rack 
and Pinion 





and easily im 


Turret 


Just turn the Trigarth 
prove the performance of your telescope t 
holds three eyepieces of standard 144,” O.D. 
The Trigarth Turret sells for $15.95 postpaid. 
Also priced at $15.95 postpaid, the Eyepiece 
Attachment with Rack and Pinion takes stand 
ard 14%” O.D. eyepieces. The rack and 
pinion is machined from solid aluminum 
castings, precisely fitted for smooth perform- 
ance The main tube is 134” long; sliding 
tube adds 2”; total movement 334”. Choice 
of gray or black crinkle finish. 


Both Turret and Eyepiece Attachment, $31.90. 


ELLIPTICAL DIAGONAL 
HOLDER 


machined from solid 
brass to fit 114” minor axis ellipti- 
cal diagonal. "Fu lly adjustable for 
rotational and longitudinal move- 








Accurately 


ment. Guaranteed to 
keep your diagonal 
precisely and securely 


in proper position at 
all times. $10.50 ppd. 
MIRROR CELLS 
6” — $7.00; 8’’ — $11.50; 10’ — $35.00 
BUILD YOUR OWN TELESCOPE 
Prisms Lenses Eyepieces 
Mirrors ground to your order 
Aluminizing—with Quartz Coating 
Satisfaction Guaranteed 
Write for Free Catalog. Instructions, 10¢. 
GARTH OPTICAL COMPANY 
P. O. Box 991 Springfield 1, Mass. 











TELEscoPe, November, 


56 Sky AND 


of this or 0.48”, it will cover 34.3 minutes 
A pancratic transfer lens, if 3” 
from this image (Fig. 2b), forms a new 
focus 2” behind the lens, and the image 
size is 0.32”. A 1-inch eyepiece that gave 
a power of 48x on the original image now 
gives 32x, only 3 as much. 

When the lens is moved to 2” from 
the primary image, the new focus is 3” 
behind the lens. Now the image that was 
originally 0.48” in diameter becomes 
0.72”, an increase of 1} times; the l-inch 
eyepiece will give 72x. Shifting the pro- 
jection lens by 1” more than doubles the 
image size. With the flick of a finger, the 
observer can change the power of any 
eyepiece by a factor of 2}. It is startling 
to see this change in the field of view, 
especially when observing the moon. In 
practice, the  pancratic arr angement 
should be restricted to small movem@nts 
of the lens. 

To determine the focal length, f, gf a 
lens suitable for a particular set of object 


of arc. 


TELESCOPE CAMERA HOLDER 


HOLDER for securing a 
camera over the eyepiece of a reflect- 


35-mm. 


ing telescope can be made quite inexpen- 
perhaps for only two dollars. The 
basic parts are a photoflash 
unit arm, and nuts and bolts. 

A 2” piece of angle iron is cut from a 
length of 2”-by-3” stock. In the 2”-by-2” 
leg, a triangle of 4” holes is drilled, and 
in the other leg two 14”-by-1” slots are 
cut 1}” apart, as seen in the picture. This 
iron bracket is attached to the telescope 
when mounted, 


sively - 


angle iron, 


tube so that the camera, 
will be squarely over the eyepiece. 

The photoflash unit arm is held to the 
bracket with 1” bolts, the slots allowing 
it to be The camera is 


moved sideways. 





George Carter’s arrangement for sup- 
porting a particular camera. Adjust- 
ment for different cameras would be 
provided by slots in the angle iron 
where it is fastened to the telescope 
tube (lower right in the picture). 


1959 





and image distances, 0 and 7, we may us¢ 
I/f = 1/o+4+1]/i. 

In our example, o is 2 and 7 is 3, giving 

1/0.833 for 1/f, whereby f = 1.2, the focal 

length of the lens in inches. 

The projected image size, /, is given by 
I = Oi/o, where O is the size of the 
object, that is, of the primary image be- 
fore projection. 

Because of the short focal lengths in 
volved, an extremely high-quality transfe1 
lens is required in a pancratic system. Two 
achromats of twice the desired focal length 
might work if placed crown lens to crown 
lens. Hastings triplets, designed for mag- 
nifiers, are generally of low quality, as 
they are mass-produced. 

Hold the primary-focus image plane 
diameter to about 1/100 the telescope’s 
focal length, or curvature of field and dis 
tortion may make the projection system 
impractical. 


REG, 


then fixed to the arm with a tripod-screw 
attachment. 

This unit is best suited to a single-lens 
When taking pictures the 
lens is set at infinity; the eyepiece is fo 
cused sharply by eye; then the camera is 
down until the image is clearest. 

GEORGE D. CARTER, JR. 
1885 Glendale Dr. 


reflex camera. 


eased 














Denver 15, Colo. 
NEW WOOD TRIPOD 
BUILT-IN VERY HEAVY 
REMOVABLE LEVEL CONSTRUCTION 





HEAVY SADoLe - a iy \ \ ALL_ BRONZE 
HER \ \” FITTINGS 
CARRYING STRAPS \ | 
1/4 BRONZE CAP) 
| _2-SECTION 10 THD. 
| PRIME OAK w 3” DIAMETER 
| NATURAL a 

CLEAR FINISH \ 3 3 EXTEND- | 
\ = ABLE LOCK- | 

EXTENDED HT. ® ING RODS | 
5S INCHES Ds” 

CLOSES TO oe | 

33 INCHES ORDER | 
SATISFACTION} \ Govr. cost 

GUARANTEED $18600 | 
OR MONEY |) 18600 | 
REFUNDED 

Z \ $1875 | 
weicut {| 

|18 pounps \\rai 


_ STEEL SHOD _ 





BEN ROSENBERG 


101 WEST 45th ST. NEW YORK 36, N. Y. 














HIGH-QUALITY 


ALUMINIZING 


Our minimal thickness coatings are 
guaranteed not to alter the figure of your 
mirror, and are guaranteed not to peel 
or blister. No charge for removal of old 
coatings. Only the purest aluminum is 
used for maximum reflectivity. This 
same high-quality coating will be ap- 
plied free to your diagonal, if it is 
shipped with mirror. 


32" — $2.50 8” — $5.00 
4/4’ — $3.00 10” $7.50 
6” —$4.00 12V2" — $10.50 


All prices f.0.b. New York. Send for our 
FREE list of telescope making supplies. 


C. HEIN 


Box 14, Wakefield Station, New York 66, N. Y. 

















— FIRST STEP 


Easy, Low-Cost Way 
To Enjoy Thrills 
Of Astrophotography 


Convert your present 35-mm. camera 
with this new adapter 


Developed by Criterion especially for single- 


reflex 35-mm. cameras with interchangeable 
lens. Simply remove present lens mount and 
add this precision-made achromatic lens that 


adapts camera to eyepiece of any telescope 
refractor or reflector. When ordering, be 
to specify make of your camera. 


For 35-mm. cameras with SCREW-TYPE lens 
mount 
Cat. #CPA-36 for 114” eyepiece holders..$19.00 
Cat. #CPA-37 for 4” standard 

PPERECOBOS sus sccccessccssdendaseusadvesssavecanese ..$17.50 
For 35-mm. cameras with "BAY ONE T. TYPE 
lens mount 
Cat. #BPA-36 for 114” eyepiece holders..$22.50 
Cat. #BPA-37 for 4” standard 


Dynascopes 


New! 






Dyn-o-Astro 
35-mm. Camera 


at less 

than regular 
price of 
camera alone! 


No need to be an expert 
photographer to take ex- 
astrophotos with this single-reflex-type 
35-mm. camera. No compli 
cated settings. No plates or filmholders to 
load and unload. No worries about missing 
target. Large focusing screen shows you exact/) 
what you are shooting, right up to moment 
you take the picture. Includes such advanced 
features as: 

— No accidental double exposures. 


citing 
precision-made 


Winding 


knob automatically advances film, posi- 
tions mirror, winds shutter, counts ex- 
posures. 

— Dual-speed setting knob controls both 


fast and slow shutter speeds. Color cod- 
ing makes mistakes impossible. 
— Integrated magnifier for critical focusing 
even on dim objects. 
Takes time exposures and also has speeds up 
to 1/500 second. Guaranteed for 2 years. Com 
plete, ready for use. 
Model CP-35 fits 114” eyepiece holder 
$89.00 postpaid 
Model CP-36 fits all standard 4” Dynascopes 
$85.00 postpaid 


Dyn-o-Swing Camera Support 
fits any 4’’ or 6” i 


telescope 
without drilling! 





Takes guesswork out eet 
of astrophotography by pro- 

viding precise centering of cam- 
era_ over eyepiece. Smooth rack-and- 
pinion adjustment. Easily attached or detached 
from tube, with rigid clamp for maximum sta- 





bility. Special arm lets you swing camera 
away from eyepiece for visual observation, 
with instant return for photographing. Can 
be used with almost any camera. Postpaid. 
Cat. #CS-4 to fit all 4” Dynascopes....... $17.50 
Cat. #CS-47 to fit’all 43,” O. D. tubes..$18.95 
Cat. #CS-67 to fit custom 6” Dynascope 
ME PG OUD. CUBE eisscisesssscsgenceccessses $19.95 
Catalog F, describing other accessories and 
parts, cheerfully sent on request. Satisfaction 
guaranteed, or money refunded. All items sent 
postpaid. We pay all postage costs. No oe g 
Send chec 


ping, crating or packing charges. 
cash, or money order for immediate delivery. 







TO FINER 


Paraboloidal 
Mirrors 


The most important part 
of a reflector telescope 
is the precisely figured 
mirror. A mirror with 
a spherical surface suf- 
fers from spherical aber- 
ration, so it must be 
altered to a paraboloid 
to focus all the light 
rays in each bundle to the 





same point. 


Con- 
siderable skill is required to parabolize a fine 


Criterion Custom mirrors are 


mirror properly. 
selected for free- 


] made of the best pyrex glass, 

dom from internal stress and strain, and of 
] the correct thickness for each size, parabolized 
and tested by Ronchi and Fou- 
| diffraction rings and 
They are aluminized 
| zircon quartz. Each is 
| and to perform to 


by craftsmen 
ult tests, as well as by 


uble stars. 





or with 
1aranteed unconditionally 


the limit of resolution for its size. 

{” pyrex, f.1. approx. 40” .. $31.00 
6” pyrex, f.1. approx. 54” vee $45.00 
8” pyrex, f.]. approx. 64” ............ $89.00 
10” pyrex, f.1. approx. 80” $179.00 
12° pyrex. £1, appeoes SOP. .cssicssiccsvesses $275.00 


focal length is custom- 
is required with orders 


A tolerance of 5% in 
ary. A deposit of 14 





| for 8” to 12” mirrors. 

ee eee 

| Reflecting Telescope | 

, Mirror Mounts | 
Mounting the mirror to 

| your scope correctly is most | 
important. Criterion mounts 

l are especially well designed, I 

| and are made of cast alu- | 
minum with brass mount- 

I ing and adjustment screws. One section fits | 
tube, other section holds mirror. Alignment 

| accomplished by three spring-loaded knurled I 
adjusting nuts. Outer cell designed to fit into 

l or over your tube. Sufficient space left be- I 
tween the two cells. All drilled and tapped. 

l Complete with holding eae springs, nuts, j 
etc. Ready for use. Will prevent vibration 

] and hold alignment once set. Wéill hold mir- | 
ror without distortion of surface figure. 

Bo ..$3.00 6” . $6.00 | 
” : .. 3.50 12.50 

| x 4.00 10” 1475 | 
——SS ee eee SK — — — -| 
Complete 
Eyepieces 


Finest quality. They are precision machined, 


mounted in meee 11,” outside diameter 
barrels: 7%” O.D. also available at no extra 
cost. Can be taken apart for cleaning. De- 
signed to give sharp flat field clear to edge. 
Huygens 18-mm. f.l. (34”)........sssscscssesoee $ 7.50 
Kellner 9-mm. f.l. (34”) ; 
Kellner 7-mm. f.l. (9/32 

Kellner 12.7-mm. f.l. ( 


Orthoscopic 6-mm. f.l. ( 
Orthoscopic 4-mm., f.1. ( 





Revolving 

Turret 

The Criterion Revoly 
ing Turret holds three 
eyepieces so that, as 
desired, the power of 
the telescope can be 


changed by merely turn- 
ing the turret to a dif 
ferent ocular. Click stop 
insures positive and accurate positioning ot 
each eyepiece. Turret holds eyepieces of stand- 
ard 114” outside diameter. Fits into the holder 
of any "refractor or reflector telescope that uses 
114” eyepieces. Requires no alteration or ad- 
justment and can be attached as easily as put- 
ting eyepiece into scope. Made of brass and 
aluminum with polished chrome-plated barrels. 
Cat. #SRT-350 $14.50 





— es oe ee oe Pc aE penal mA el 


PERFORMANCE! 






Rack-and-Pinion 
Eyepiece Mount 





g 


The most mechanically 
perfect focusing is by rack 
and pinion. This mount 
takes standard 114” eye- 
pieces. Full 314” of travel | 
- more than ever before. Ac- 
commodates almost any type of J 
eyepiece — positive and negative. 
Two knurled focusing knobs, @ 
variably tensioned and positioned. , 
sliding brass 
tolerance prevents looseness. 
Mount aligns itself to any type tube. Four 
mounting holes, nuts and bolts included. Eye 
mount has square-rod-type diagonal holder 
which prevents loose alignment and vibration. 
Rod tempered to minimize temperature changes. 
Adjustable for 3” to 8” scopes, also 12” scopes 
if so specified at no extra cost. Order one or 
more of the complete eyepieces described below 
at the same time you send for this rack-and- 
pinion device, which accommodates any of our 
eyepieces perfectly. 
Cat. #SU-38 


New Model Eyepiece Mount 

Same features as above but has wider base that 

is contoured to match the curve of a 7” to 8” 

diameter tube. Makes professional appearance. 

Furnished without Diagonal Rod #SU-9R $9.95 
Diagonal Rod — Cat. #SU-9R $1.00 


cast-metal 
tube close 


Solid 


$7.95 postpaid 


} 





Custom 
Achromatic 
Objectives 
and Sunshade 
Criterion ar 38 Series Achromatic Objectives 
are of the highest precision quality, pea and 


approved and acclaimed to be superb in every 
respect. Equipped with sunshade and dewcap. 


FEATURES 
@ Perfect color correction at the wave lengths 
of the C and F spectral lines, best for visual 
observing. Scientifically designed, corrected 





by master craftsmen. 

@ Delicately hand-corrected to fullest minimi- 
zation of residuals, and to eliminate spheri- 
cal aberration. 

e@ Air-spaced to very critical optical formula. 

@ Magnesium-fluoride coated on all surfaces 
for maximum light transmission. 

@ Cell engraved with effective focal length 


and completely threaded. 
@ Sunshade extension with dewcap on all sizes. 


Cat. + Clear Aperture Focal Length Price 
$-210 60mm. (2.4) 910mm. (35.8) $19.95 
$-220 3” 1250 mm. (49.2’’) 52.00 
$-230 4” 1600 mm. (62.9’’) 95.00 


Four-Vane 
Diagonal Holders 


Criterion 4-vane diagonal 





mountings are fully ad 

justable, will hold ellip 

tical diagonals in perfect 

alignment. Made of brass, 

chemically blackened. Pre 

cision adjusting screws 

center flat and vary its 

angle so_ that primary 

and secondary mmrrors can 

be set in perfect align- 

ment. Thin vanes with 

special adjustable studs. 

Cat. Minor-Axis Size For Tubes Price 
$-51 1.25" 62" to 7/2" $10.00 
$-52 1.30’ 61/2" to 7/2" 10.00 
S-53 1.50” 81/2" to 9/2" 10.00 
S-54 125" 9V2"" to 10/2" 12.50 
$-55 2.00’ 11” to 1142” 14.95 
S-56 2.50" Specify tube 1.D. 19.95 





CRITERION MANUFACTURING CO. __ 


Manufacturers of 
Quality Optical Instruments 
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ARE ESPECIALLY SUITABLE FO 








“> 3-inch 
Astronomical 
Reflector 


60 to 180 Power 
An Unusual Buy! 
4 





Assembled ready to use! See Saturn's rings, the 
planet Mars, huge craters on the moon, star clusters, 
moons of Jupiter, double stars, nebulae, and galaxies! 


Equatorial-type mounting with locks on both axes. 
Aluminized and over-coated 3”-diameter f/10 primary 
mirror, ventilated cell. Telescope comes equipped with 
a 60x eyepiece and a mounted Barlow lens, giving you 
60 to 180 power. A finder telescope, always so essen- 
tial, included. Sturdy, hardwood, portable tripod. 


FREE with Scope: Valuable STAR 
CHART plus 272-page “HANDBOOK 
OF THE HEAVENS” plus the book 
“HOW TO USE YOUR TELESCOPE.” 


RI IP cs ssscesetecexasovessosnsatesesseten $29.95 ppd. 


See the Stars, Moon, Planets Closeup! 


44" ASTRONOMICAL 
TELESCOPE 


REFLECTOR TYPE — Up to 270 Power! 


é With this scope you can see 
x the craters on the moon, 
the rings of Saturn, double 

stars. Mirror guaranteed to 

give theoretical limit of 

’ resolution. Rack-and-pinion 

” focusing, removable mirror 

{ 

N mount, counterweight. Real 
equatorial mounting — only 
one adjustment follows 

stars! Aluminum tube. 6-power finder telescope. 2 
standard-size eyepieces and mounted Barlow lens give 
you powers of 40x, 90x, 120x, 270x. Mirror f/11, 
and corrected to better than % wave length. FREE 
with Scope Valuable STAR CHART plus 272-page 
“HANDBOOK OF THE HEAVENS” plus “HOW TO USE 
YOUR TELESCOPE” book 


Stock #85,006-Y..... 





.. .$74.50 f.o.b. 
Barrington, N. J 


NEW! STATIC ELECTRICITY GENERATOR 


Educational and Lots of Fun! 
See a thrilling spark display as you 
set off a miniature bolt of lightning. 
Absolutely safe and harmless — 
perfect for classroom experimenta- 
tion ideal for science clubs. 
Sturdily made stands 14” high. 
Turn the handle and two 9” plastic 
disks rotate in opposite directions. 


i 





Metal collector brushes pick up the | fr 

static electricity, store it in the _ J 
Leyden-jar-type condenser until dis ee. te 
charged by the jumping spark. ee 
Countless tricks and experiments 


24-page instruction booklet included. 
MEMO ss. v0c bccetusecnavewssee $12.95 ppd. 


50-, 150-, 300-POWER MICROSCOPE 


Amazing value — equal of a $75.00 in 
strument! 3 achromatic objective lenses 

n revolving turret! Imported. The color- 
c orrected cemented achromatic lenses in 
the objectives give you far superior re 
sults to the single lenses found in other 
microscopes selling in this range. Results 


| 
Ef 





ire. worth the difference! Fine rack- 
and-pinion focusing. 
a |) Are $14.95 ppd. 


MOUNTED 500-POWER OBJECTIVE 
at Threaded for easy attachment on microscope 
above. Achromatic lenses for fine viewing. 3-mm. 
focal length 


BR OGD 5 55-00 cvcesesccccsvecsncee $5.00 ppd. 





NEW BINOCULAR-TO-CAMERA HOLDER 
For Exciting Telephoto Shots 
Will fit any camera. 


Bring distant objects 7 
times nearer with a 35-mm. 
camera, x 50 binocular, 
and our NEW BINOCU- 
LAR-TO-CAMERA HOLD- 
ER. Ideal for photograph- 
ing the constellations, star 
clusters, the moon, as well 
as cloud formations, wild 
ife, vistas. Camera and binocular attach easily. 
Use any binocular or monocular —- any camera, still 
or movie. Take color or black-and-white. Attractive 
gray crinkle and bright chrome finish, 10” long. Full 
directions for making telephotos included. 


Stock $#70,228-Y..........cccccccscccees $11.50 ppd. 





Take Pictures Through 
Your Telescope with the EDMUND 
CAMERA HOLDER for TELESCOPES 


Bracket attaches perma- 
nently to your reflecting 
or refracting telescope. 
Removable rod with ad- 
justable bracket holds 
your camera over scope’s 
eyepiece and you're ready 
to take exciting pictures 
of the moon. You can 
also take terrestrial tele- 
photo shots of distant 
objects. Opens up new 
fields of picture taking! 





SUN PROJECTION 
SCREEN INCLUDED 


White metal screen is easily at- 
tached to holder and placed be- 
hind eyepiece. Point scope at 
; sun, move screen to focus . . 
“4 ~=6and you can see sunspots! 


All for the low, low price of $9.95 


Inclu des brackets, 2834” rod, projection screen, screws, 
and directions. Aluminum . . . brackets black crinkle 
painte d 


SRNR TET iviisccciiscnneticaccinaal $9.95 ppd. 
NOTICE! 
EDMUND IS NOW HEADQUARTERS FOR 
MATH LEARNING AND TEACHING AIDS! 


Play This New Game — 
MATH MAGIC... 
The Fun-Way 
to Math Skill! 





Educator-approved! 3 fascinating games in one! Great 
fun for the whole family. Increases skill at addition, 
subtraction, multiplication, division. Includes dial and 


spinner, numbered cards, plastic tokens, etc. — also 
rules and directions. 
OO STN 5 co eS 0s5cccnnecssrievses $3.00 ppd. 


D- STIX  iaaanaaaiatiaen Kits 


Shape Your Ideas Fast! 


Scientists, executives, planners, de- 
signers — all find D-STIX simplify 


jj visualization and demonstration of 
A complex ideas. D-STIX — colored 
SS) wood sticks 14” thick and ‘‘easy-on’’ 

rubber joints approx. 3/16” diam. — 

help you work out molecular struc- 
tures, geometric figures, structural members, shapes; 
models of scientific apparatus. Used by professional 
men, educators, hobbyists. Big basic kit contains 230 
or 370 pieces. Additional parts in supplementary kit. 
Far superior to other kits of wood or metal. Money- 
back guarantee. 





Mock SFO ROS-T . . . (AID pes.) .. 00 ossiecs $3.00 ppd. 
ge wk Gee | 2 ee $5.00 ppd. 
Bock SFO QUAY... GTR P08.) oonicicisiccecsas $7.00 ppd. 








: — GIFTS! 


Ideal for Beginners . . . 
STARMASTER ASTRONOMY SET! 


Bring the thrills and wonders 
a a ee of outer space right into your 

OMY a } home with this fascinating, 

: educational Astronomy Set. 
De Luxe, 37-piece Set in- 
cludes separate film projector 
and action pictures of a trip 
to the moon, from blast-off 
to return. Exciting views of 
the moon, planets, comets, distant galaxies, sun ex- 
plosions, star clusters, other space wonders. 

Also star projector ’and constellation projector (each 
approx. 414” high). Projectors show many great 
constellations and stars, outline forms of Big Bear, 
Sagittarius, Southern Cross and others, for easy iden- 
tification. 

Also includes 10x telescope (single element lens, 
meniscus, nonachromatic) with 1” aperture, suitable 
for viewing the moon. 

Power source, flashlight pointer, and_ instructions 
included. Lower-priced Junior Set with single projec- 
tor also available, but without telescope. 

Stock as: 5a Ns 964100808 aes $10.00 ppd. 
Sock BIS BIS-V . ... -FOMOF. occ cccsscccecs $ 5.00 ppd. 


TELESCOPE ROLL-FILM CAMERA 


This model uses rolls of 
#127 film. Picture area 
will be a circle 1-9/16” 
in diameter. 

The advantage of this 
model is the ease of using 
: roll film. With each camera 

a you get a piece of ground 
oneal glass. Before loading film 
in the camera, you focus 

the telescope. Then lock it in this position. For 
positions other than infinity, you can scribe a mark 


on your tube. 
Sheek FPO MOBY ons ccncsscessssesecessss $29.50 ppd. 


SHEET-FILM CAMERA 
U ses sheet film 244,” x 314” size. Camera box size is 


we Sd 
Stock #70, 166-Y ..$39.50 ppd. 


ASTRO COMPASS and STAR FINDER 
Gov't. Cost $75 — Price $14.95 ppd. 


Determines positions of stars quickly. 
Shows various celestial co-ordinates. 
An extremely useful star finder which 
can be rotated through 60° angles 
along calibrated degree scale. Has 
single eye lens with viewing stop, 
two spirit levels for aligning, tangent 
screw with scale for fine precision 
readings, azimuth scale graduated in 
two- degree intervals, adjustable tilt- 
ing azimuth scale for angle reference 
of stars on distant objects. War 
surplus. Gov't. cost $75.00. Instruc- 
tions, carrying case included. 


Stock #70,200-Y..............00. «Only $14.95 ppd. 
“EASY-CARRY” SLIDE PROJECTOR 


Now you can show your favorite 
slides ANYWHERE to _ friends, 
classes, groups, without lugging 
cumbersome equipment. ‘EASY 
CARRY’’ PROJECTOR folds to 
214” wide, 414” high, 414” long - 
opens to 8” long. Weighs less than 
3 Ibs. SHOWS and PROJECTS 
2-x-2 35-mm. slides or 35-mm. filmstrips, single or 
double frame. 100 watt, 120 volt. 3-element f/3.5 
lens with 80-mm. focal length. 6’ cord and plastic 
leatherette carrying case included. Ideal for travel 
or occasional use. 


SHOCK FTO BIR... cesccccecccvesiccsces $22.95 ppd. 

















oo 





Terrific Buy! “American :an Made! 
| OPAQUE PROJECTOR 


‘* Projects illustrations up to 3” x 
34%” and enlarges them to 4 ft. 
aie. No film or negatives needed. 
Projects charts, diagrams, pictures, 
hotos, lettering in full color or 
lack-and-white. Operates on 115- 
volt a.c. current, 6’ extension 
cord and plug included. (Operates on 60-watt bulb, 
~ included.) Size 12” x 8” x 414” wide. ‘Weight 
1 2 oz. Plastic case with built-s in handle. 

reek’ ST SG vsaneeses veRcaeneceeee $7.95 ppd. 









58 Sxy anp TELESCOPE, November, 1959 


SALE! TERRIFIC WAR-SURPLUS BARGAINS! 
AERIAL CAMERA LENSES 


Big variety . at a fraction of 
jov't. cost! f/6, 24” f.1., with 
p sadior and lens cone. Used. 
Weight 25 Ibs. 

Stock +85,059- Y. .$39.50 f.0.b. Utah 


Same as above, but new. Weight 

25 Ibs 

Stock 85,060-Y. .$59.50 f.0.b. Utah 

f/8, 40” f.1., no mount or shutter. Weight 614 lbs. 

Stock #70, [COT ee ata RESIN CS) 5 $49.50 ppd. 

{/5.6, 20” f.1., telephoto with shutter and diaphragm. 

Weight 614 lbs. 

EE re errs $65.00 ppd. 

£/4.5, 634” f.1., with shutter and diaphragm. Weight 
Ilb., 6 ozs 

Stock MOE oe 5S sishc, bis nares $24.50 ppd. 

These lenses are being successfully used for wide- 


aperture Moonwatch telescopes to see the small and 
fainter satellites. For eyepiece use our GIANT ERFLE. 


DOUBLE AND TRIPLE YOUR 
TELESCOPE’S POWER 
WITH A BARLOW LENS 









RAYS PRIMARY FOCUS a 
FROM Sas 
PRIMARY =e ae 

Se | 
SINGLE _ | 
S.ceeet ~ pa | EYEPIECE 
BARLOW—~ [ a 


WHAT IS A BARLOW ? 


A Barlow lens is a negative 
lens used to increase the power of 


a telescope with- 


out resorting to short focal length eyepieces, and 
without the need for long, cumbersome telescope 
tubes. Referring to the diagram above, a Barlow 
is placed the Tatenes P inside the primary focus 


of the mirror or objective. The Barlow diverges the 
beam to a distance Q. This focus is observed with 
the eyepiece in the usual manner. Thus, a Barlow 
may be mounted in the same tube that holds the 
eyepiece, making it very easy to achieve the extra 
power. The new power of the telescope is not, as 
you might suppose, due to the extra focal length 
given the objective by the difference between P and 
Q. It is defined as the original power of the tele 
scope times the quotient of P divided into 





Beautiful chrome mount. We now Sins our Barlow 
lens mounted in chrome-plated brass tubing with 
special spacer rings that enable you easily to vary 
the power by sliding split rings out one end and 
placing them in other end. Comes to you ready to 
use. Just slide our mounted lens into your 144” I.D. 
tubing, then slide your 114” O.D. eyepieces into our 
chrome-plated tubing. Two pieces provided, one for 
regular focal length eyepieces and one for short focal 
length ones. 


Stock #30,200-Y Mounted Barlow lens...... $8.00 ppd. 
UNMOUNTED 3X BARLOW LENS 


These lenses are made for telescopes that have smaller 


diameter eyepieces than the standard 114” size. Mount 
one between the eyepiece and objective, and triple 
your power. Instructions included. Single-element 
lens, focal length —1-5/16”, unmounted. 

Stock #30,185-Y....0.932’' diam........... $3.50 ppd. 
Stock 430,328-Y....0.912" diam........... $2.50 ppd. 


3X ADJUSTABLE-DIAMETER 
BARLOW LENS 


For telescopes with eyepieces 
smaller than the standard 114” 
outer-diameter size. Prongs on 
mount can be opened or closed 
to fit tubes from 13/16” to 1” 
outer diameter. Directions for 
using included. 


Stock #30,339-Y....$5.00 ppd. 


WAR-SURPLUS 
TELESCOPE 
EYEPIECE 


Mounted Kellner Eyepiece, Type 
3. Two achromats, focal length 
28 mm., eye relief 22 mm. An 
extension added, O.D. 1144”, 
standard for most types of tele: 
scopes. Gov't. cost $26.50, 


Stock #5223-Y........ $7.95 ppd. 








ORDER BY STOCK NUMBER 


BARRINGTON oe 











SPECIAL SALE OF OPTICAL PERISCOPES 


We made a lucky buy so here is another famous Edmund 
war-surplus bargain. 
over $200.00 worth of optics in it for only $18.00 postpaid. 
At one spot. 
prisms at unit power; 
telescope system and see a wide-angle view at 6x. 
remove the top prism and you have an 11 
lite telescope. 
size is 14” 

Now just for the bit of work involved in disassembling, 
you get a treasure-trove of precision optical 
$18.00. Glance at this list of parts and you'll realize what 
a value we are offering. 


It is a $500.00 tank periscope with 


you look through and see up and out of the 
or you can look through the built-in 
Simply 
°.3 6-power satel- 
Brand new in original packages. Over-all 
long by 7” wide by 214” deep. 


parts for only 


You get a wide-angle Erfle eye- 


i. AA oe piece with a full 68° field and 114” focal length. This is 
‘iaead % the same eyepiece used in Moonwatch telescopes, our Stock 
No. 5160. Also included are a 38-mm.-diam. collimator 

lens, 131-mm. focal length; 48-mm.-diam., mounted, coated objective lens, 189-mm. f.1.; prism cluster contain- 
ing two light flint glass right-angle prisms (A, 41 mm.; B, 91 mm. :C, 64 mm.; and A, 41 mm.; B, 57 mm.; 


C, 40 mm.); two mounted right-angle prisms (A, 23 mm. ; B, 34 mm.; C. 23 mm.; and A, 40 mm. ; B, 42 mm.; 
C. 30 mm.); two silvered tank prisms (A, 102 mm.; B, 53 mm. : C. 38 mm.; and A, 167 mm.; B, 69 mm. 
C, 49 mm.). (See our catalog for explanation of r Bos prism sizes.) Also some other optical ‘elements and 
reticles. Every amateur will find this a real value. Don't wait — order today. The last time we had these 


they sold for $30.00 — now on sale at only $18.00. 
Stock #70,227-Y 


eiuvssdcdadearonssaadeneateal $18.00 ppd. 








EQUATORIAL MOUNT and TRIPOD 
with CLOCK DRIVE 


Heavy-duty mount. Drive operates 

on 110-volt, 60-cycle, a.c. house 

current. Follows motion of stars 

smoothly. 32” tripod legs in- 

cluded. 

Stock 385,081-Y..... $76.50 f.o.b. 
Barrington, N. J. 


Same mount as above, without 
Tang clock drive, for 8” or smaller re- 
flectors and for 4” or smaller refractors. 

Stock +#85,023-Y..... New Low Price..... $39.50 f.o.b. 
Barrington, N. J. 


8-POWER ELBOW TELESCOPE 


bi 
E 


War Surplus — Amazing Buy! 
$200 Gov't. Cost—Only $13.50 
Big 2” objective, focusing 
eyepiece 28-mm. focal length, 
Amici erecting system, turret- 
mounted filters of clear, red, 
amber, and neutral, reticle il- 
lumination. Sparkling, clear, 
bright image — 6° field (325 


ft. at 1,000 yards). Focus 
idjusts 15 ft. to infinity. Eyepiece alone, 28-mm. 
focal length, is worth more than $12.50. 
Stock #70,173- v.. Dea cael Sustain Cee eee $13.50 ppd. 


GIANT MAGNETS! TERRIFIC BARGAINS! 








si 

War Surplus — Alnico V } | 
type. Horseshoe shape. Tre- 7 . ¢ 
mendous lifting power. 5 lb. |/ \ ’ 
size. Its dimensions: A — | ‘ : 
34”; B — 2%"; C — oe uy 
4-3/16”"; D — 14”; E — Be ; 
144”; F — 25%”. Strength tas .. 
is about 2,000 gauss. Will / Be 
lift over 125 Ibs. b-e— a4 

——- 
SO PTO xs os oR iia aeeee ee $8.50 ppd. 
1534-lb. size magnet. Approximately 5,000-6,000- 


gauss rating. Will lift over 250 Ibs. 


SURE TREN Se wed Sc i-00 -teccceceevees $22.50 f.o.b. 
Shipping wt. 22 Ibs. Barrington, N. J. 


Mounted R Ramsden Eyepieces 


Standard 11/4” Diameter 


Our economy model, standard- 
size (1144” O.D.) eyepiece. We 
mounted two excellent quality 
plano-convex lenses in black 
anodized aluminum barrels in- 
stead of chrome-plated brass to 
save you money. The clear image 
you get with these will surprise 
you. Directions for using short _ leant evepleces 
are included with pw the 144” and 14” models. 


Stock 30,204-Y....4” focal length....$4.75 ppd. 
Stock #30, 203-V....' 2" focal length... $4.50 ppd. 


“MAKE-YOUR-OWN” 414” MIRROR KIT 
The same fine mirror as used in our telescopes, 
polished and aluminized, lenses for eyepieces, and 
diagonal. No metal parts. 
RT ee eee ery S” $16.25 ppd. 





SEND CHECK OR MONEY ORDER 





GIANT ERFLE EYEPIECE 


Here is an _ exciting bargain. 
We have obtained a large lot of 
these eyepieces reasonably — so 
down goes the price to $9.95 for 
a real sale. Lens system con- 
tains 3 coated achromats over 2” 
in diameter. Gov't. cost over 
$100.00. Brand new, weight 2 
pounds. The value will double 
when this lot is all sold, and 
triple and quadruple as years 
pass. If we didn’t need to 
reduce our inventory, we'd be ; 
tempted to hold onto these eyepieces. Their wide ap- 
parent field is 65°. The focal length is 114”. Lenses 
are in a metal cell with spiral threads: focusing 
adapter with 32 threads per inch is included; diameter 
is 2-11/16”. If you don't order now and you miss 
out on a hundred-dollar eyepiece for only $9.95, you 
can't say that we didn’t try to impress you with its 
value. You can make some super-duper finders with 
these eyepieces. They are also ideal for rich-field 
telescopes, which are becoming more popular daily, 
particularly in the Sputnik age. 


Sea Fe I assess ccceccscocadscciavsccacents $9.95 ppd. 


8” SETTING-CIRCLE SET 

Stock +50,133-Y....Complete set........... $3.00 ppd. 
Stock #60,078-Y. . . .360° declination circle be 

1. 





60 ppd. 

Stock #60,079-Y....24-hour right-ascension circle only 
1.60 ppd. 

534” SETTING-CIRCLE SET 
Stock #50,190-Y....Complete set........... $2.50 ppd. 
Stock #60,080-Y... .360° declination circle only 

$1.35 ppd. 

Stock 260,081-Y... .24-hour right-ascension circle only 
$1.35 ppd. 


6X FINDER 
TELESCOPE 





Has crosshairs for exact locating. You focus by 
sliding objective mount in and out. Base fits any 
diameter tube — an important advantage. Has 3 


centering screws for aligning with main telescope. 20 
mm.-diameter objective. Weighs less than 14 pound. 


Et ET $8.00 ppd. 


BE SURE TO GET 
FREE CATALOG “Y” 
128 Pages! Over 1000 wrens 


Fantastic variety — never before 
have so many lenses, prisms, ease hy 
optical instruments, and compo- orice... | 
nents been offered from one aan | 
source. Positively the greatest 
assembly of bargains in all 
America. Imported! War Sur- | 
plus! Hundreds of other hard- 
to-get optical items. Many sci- 
ence and math learning and 
teaching aids. Write for Free 
Catalog ‘’Y.” 

















NE W 


SATISFACTION GUARANTEED! 


JERSEY 
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Christmas... 
VERNONscope 


Make this an extra-special Christmas with 
a highest-quality De Luxe VERNON- 
scope — these professional-type reflecting 
telescopes are now selling for amazingly 
low prices. 


a 





The 4%” De Luxe VERNONscope 


% 44%” parabolic mirror, f/10, ground and pol- 
ished to better than 1 wave, aluminized and 
over-coated with quartz for maximum optical 
protection, guaranteed to perform to Dawes’ 
astronomical limit of resolution. 


*% NEW, rugged PAR Jr. <) age Mount, de- 
sign to give utmost rigidity at the points of 
greatest stress (note tapered aluminum hous- 
ings). Includes latitude adjustment, large 
knurled locking screws and close-tolerance ma- 
chined bearings with 34” chrome-plated pre- 
cision-ground steel shafting. Base of mount is 
fully rotatable for altazimuth viewing and can 
be quickly disassembled from the tripod. Steel 
legs fold for easy portability. Mount has black 


primer and 3-dimensional space blue marbleized 
finish. 

% Seamless aluminum tube, blackened inside, with 
3-D space blue finish. 


Finest 14-mm. wide-angle Kellner eyepiece and 
Barlow lens mounted in black-anodized tubing, 
giving magnifications of 80x and 160x. 

% New achromatic-type 4x finder with adjustable 
mounting bracket. 

* Smooth, precision helical focusing unit permits 
micrometer accuracy to give sharpest images 
possible. 

% Machined aluminum end caps and adjustable 
mirror mounting. 

% Covers for all optical components. 

% 44-page telescope operation manual included. 


4%" VERNONscope . $69.50 
Shpg. wt., 25 Ibs. f.0.b. Candor, N. Y. 


The 3” De Luxe VERNONscope 


% 3” parabolic mirror, f/8, pyrex, aluminized 
and over-coated with quartz, corrected to bet- 
ter than 44 wave. 

*% 14-mm. wide-angle Kellner eyepiece and Bar- 
low lens give magnifications of 40x and 80x. 


% Same features and components as in 414”. 


3” VERNONscope ... . $49.50 
Shpg. wt., 16 Ibs. f.o.b. Candor, N. Y. 


Telescopes are completely assembled, thoroughly 
tested, and correctly aligned before leaving the 
factory. They are carefully packaged to insure 
safe shipment. 


* 











We unconditionally guarantee each VERNON- 
scope to be exactly as described and illus- 
trated, and to surpass even your greatest ex- | 
pectations, or return it within one month and 
your money will be immediately refunded. | 
VERNONSscope & Co. is the sole manufacturer 
of the 100%-American-made VERNONScopes, | 
selling to our customers direct from con 
tor Send your order today for immediate 
de ivery. C.0.D D. orders accepted with one- | 
half payment. 


VERNONscope & Co. 


Candor, New York 
PELE EERE SE SSRIS | 














CELESTIAL 





CALENDAR 


Universal time (UT) is used unless otherwise noted. 


OBSERVABLE ALGOL MINIMA 


HECKING whether Algol, the famous 

eclipsing variable in Perseus, is below 
normal brightness is a good habit for one 
who frequently scans the sky. But just 
what are the chances of finding Beta 
Persei at or near minimum brightness? 

The minima occur every two days, 20 
hours, 49 minutes, usually on one date in 
three. About 10 hours are required for 
the change from magnitude 2.2 to 3.5 and 
back again. During the first two and last 
two hours the loss in light could escape a 
casual glance, so for only one-quarter of a 
day would the change attract attention. 
Thus, Algol is noticeably faint about 1/12 
of the time. 

But some minima occur in the daytime, 
halving the chances even in winter, to 
about 1/24. Considering cloudy nights, 
the expectation of casually finding Algol 
faint is, therefore, very poor, and predic- 
tions of minima are practically essential 
to the observer. 

As the listing here shows, the most con- 
venient times this month for American 
amateurs to see Algol dimmed will be 
during the minima predicted for the 9th 
at 2:38 a.m. Eastern standard time; the 
llth, at 11:27 p.m.; and the 14th, at 
8:16 p.m. 





NOVEMBER METEORS 
Beginning in late October, the Taurid 
meteor shower reaches its maximum dur- 
ing the first week of November. On the 
6th a single observer may see up to 15 
meteors per hour, the radiant then being 


located in western Taurus. The moon, 
only a week past new phase, should not 
interfere seriously with observations of 
these meteors. 

For the Leonid shower, with maximum 
on November 17th, observing conditions 
are very unfavorable, as it is shortly after 
full moon. W. H. G. 





MINOR PLANET PREDICTIONS 


Parthenope, 11, 9.6. November 28, 6:03.9 
+ 18-25. December 8, 5:54.6 +18-30; 18, 
5:44.0 +18-39; 28, 5:33.4 +18-49. January 
7, 5:24.1 419-02; 17, 5:17.0 +19-17. Op- 
position on December 18. 


After the asteroid’s name are its number and the 
magnitude expected at opposition. At 10-day intervals 
oe ‘o its right ascension and declination (1950.0) 

Universal time. In each case the motion of 
vi asteroid is retrograde. Data are supplied by the 
IAU Minor Planet Center at the University of Cin- 
cinnati sscccasicentini 


MINIMA OF ALGOL 
14:01; 6, 10:50; 9, 7:38; 
2, 4:27; 15, 1:16; 17, 22:05; 20, 18:54; 
23, 15:43; 26, 12:32; 29, 9:21. 

December 2, 6:10; 5, 2:59; 7, 23:48. 


These minima predictions for Algol are based on 
the formula in the 1953 International Supplement of 
the Krakow Observatory. The times given are geo- 
centric; they can be compared directly with observed 
times of least brightness. 


November 3, 


UNIVERSAL TIME (UT) 


TIMES used in Celestial Calendar are Greenwich 
civil or Universal time, unless otherwise noted. This 
is 24-hour time, from midnight to midnight; times 
greater than 12:00 are p.m. Subtract the following 
hours to convert to standard times in the United 
States: EST, 5; CST, 6; MST, 7; PST, 8. If, neces- 
sary, add 24 hours to the UT before subtracting, in 
which case the result is your standard time on the 
day preceding the Greenwich date shown. For ex- 
ample, 6:15 UT on the 15th of the month corresponds 
to 1:15 a.m. EST on the 15th, and to 10:15 p.m. 
PST on the 14th. 











SKY - GAZERS EXCHANGE 


Classified advertising costs 30 cents a word, including 
address; minimum charge, $4.00 per ad. Only one 
for sale ad per issue for each advertiser. Remittance 
must accompany order. Insertion is guaranteed only 
on copy received by the 20th of the second month 
before publication; otherwise, insertion will be made 
in next issue. We cannot acknowledge classified ad 
orders. Sky Publishing Corporation assumes no re- 
pose for statements made in classified ads, nor 
for the quality of merchandise advertised. Write Ad 
Dept., Sky and Telescope, Harvard Observatory, 
ia Fw 38, Mass. 


FOR SALE: 444” Wray refractor, — all 
$450.00. Write John Sanford, 365 First St., 


burgh, N. Y. 


METEORITES: "Excellent for teaching, research, lec- 
tures, and demonstrations. $1.00, $2.00, $12.00, 
$15.00. Scientific Laboratory, 7846 Oakley Ave., 
Baltimore 15, Md. 


5” PYREX parabolic mirrors, £/5. 5 and f/7. 5, $40. 00 
each. Heyman Optics, 19 Priscilla, New Bedford, 
Mass. 

SIDEREAL “DRIVE for telescope, track stars accu- 
rately, simple gearless design, plans, $1.00. ‘‘Space 
Chart,’’ planets, sun, moon, asteroids, constellation 
maps, $1.00,. 1. Mussgnug, Box 74, Bethel, Conn. 

FOR SALE: 8” reflecting telescope, with equatorial 
mounting, $285.00. Morgan Grace, Lawrenceville 
School, Lawrenceville, N. J. 


FIBERGLASS TUBES: Ready to mount. White glass- 
smooth surface, lightweight, great strength, low 
thermal conductivity, blackened inside, polished 
end rings. W. R. Parks, 20942 S. LaSalle, Tor- 
rance, Calif. 


ALUMINUM TUBING: 17 sizes, 1” through 8”. 
Pesco-A, Box 363, Ann Arbor, Mich. 





accessories, 
New- 














SOUTHWEST OBSERVERS: Finest refractor tele- 
scopes — 2.4”, 3”, and 4” altazimuth and equa- 
torial models shipped from Dallas, Texas. Terms 








and details on request. Melton Industries, 1901 
Levee St., Dallas 7, Tex. Phone: RI 8-4769. 
FOR SALE: 6” £/9 altazimuth reflector, $135.00. 


Also aluminized Pyrex mirrors: 4144” £/10, $20.00; 
6” £/8, $40.00. Donald O'Toole, 2100 Eye St., 
Apt. 3, Sacramento, Calif. 


COLOR SLIDES depicting other planets, 





Paintings, 








space models. Catalogue and sample, 25¢. Morris 
xT page 4372 Coolidge Ave., Los Angeles 66, 
alif. 

TELESCOPES, aluminum tubing, eyepieces. Write 
Peninsula Scientific, 2421 El Camino Real, Palo 
Alto, Calif. 





MIRRORS: If you are interested in buying or selling 
a used telescope mirror, consult Robert Wall, 1520 
Mimosa Ave. , Charlotte 3; N. .C. 


QUESTAR, -_ ‘luxe, xe, like new, practically unused, 
orga J. E. Gifford, 404 E. Howell, Seattle 22, 
as 


FOR SALE: Refractor telescope. Good Sears model. 
Now $50.00. Lee Moore, 1823 Buckland Ave., 
Fremont, Ohio. 














INTERESTED in astronomy as a career? Vocational 
and Professional Monographs: Astronomy, by Dr. 
Freeman D. Miller, describes personal qualifications, 
scholastic training, and job opportunities, $1.00 
fo ye Send to Box B, Sky and Telescope, Har- 
vard Observatory, Cambridge 38, Mass. 


CLOSEOUT SALE: ‘‘Satellite Pathfinder,’ an in- 
genious device designed at the American Museum- 
Hayden Planetarium to help predict Northern 
Hemisphere passages of artificial satellites. $1.00 
— Send to Box C, Sky and Telescope, Har- 
vard Observatory, Cambridge 38, Mass. 
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PEGASUS 


THE SUN, MOON, AND PLANETS THIS MONTH 


The sun, on the ecliptic, is shown for the beginning and end of the month. 

The moon’s symbols give its phase roughly, with the date marked alongside. 

Each planet is located for the middle of the month or for other dates shown. 
All positions are for 0" Universal time on the respective dates. 


Mercury reaches greatest eastern elonga- 
tion on November 3rd, 23° 33’ from the 
sun, and may be seen very low in the 
southwest for about a week before and 
after this date. The planet is poorly 
placed for observation at this elongation, 
however, and sets about an hour after the 
sun. Inferior conjunction is on the 24th. 

Venus attains greatest western elonga- 
tion, 46° 37’ from the sun, on November 
12th. It is a brilliant object, magnitude 
—4.0, rising about four hours before sun- 
up. On the IIth its disk will be half 
illuminated and 24”.7 in diameter. The 
moon will be very near Venus on the 
morning of the 27th, conjunction occur- 
ring at 2:10 Universal time, with the 
planet 37’ north if viewed from the center 
of the earth. An occultation will be seen 
from South Africa and Australasia. 

Mars is in the morning sky, but too 
near the sun to be observed this month. 

Jupiter may be seen the first week in 
November, low in the southwest. On the 
Ist it is magnitude —1.3, setting about 1} 
hours after the sun. Mercury and Jupiter 
will be in conjunction on the 7th, with 
the former about 34° south. 

Saturn, of the Ist magnitude, is in 
Sagittarius, low in the southwest during 
the early evening. A telescope will reveal 
its disk, 137.8 in polar diameter, and the 
rings, 34”.8 in extent. The moon will 
ah 44° north of Saturn on the 4th. 


MOON PHASES AND DISTANCE 

November 7, 13:23 
November 15, 9:42 
November 23, 13:03 
November 30, 8:46 
December 7, 2:11 


First quarter 
Full moon 
Last quarter 
New moon 
First quarter 


November Distance Diameter 
Perigee 2, 1* 223,100 mi. $3’ 17” 
Apogee 17, 7° 252,600 mi. 29 24” 
Perigee 30, 12" 221,600 mi. 33’ 30” 

December 
Apogee 14, 7" 252,600 mi. 29’ 24” 


Uranus, in western Leo, rises about 
midnight local time. Binoculars will re- 
veal this 6th-magnitude object, at right 
ascension 9" 33™.9, declination +15° 12’ 
(1950 co-ordinates) on November 14th, 
the time of its western quadrature. Ura- 
nus is stationary in right ascension on the 
27th, and then begins retrograde (west- 
ward) motion among the stars. 

Neptune is too close to the sun to be 
seen this month. WHeG. 


MERCURY 


VENUS 
JUPITER 
URANUS 

a nO) 


SATURN 
NEPTUNE 





VARIABLE STAR MAXIMA 


November 2, S Carinae, 100661, 5.7; 
4, T Normae, 153654, 7.4; 7, RS Librae, 
151822, 7.7; 7, RS Cygni, 200938, 7.4; 19, 
R Sagittarii, 191019, 7.2; 21, T Herculis, 
180531, 8.0; 22, R Cygni, 193449, 7.3; 
27, T Aquarii, 204405, 7.9. 

December 1, R Draconis, 163266, 7.6; 
5, T Centauri, 133633, 6.1. 


These predictions of variable star maxima are by 
the AAVSO. Only stars are included whose mean 
maximum magnitudes are brighter than magnitude 
8.0. Some, but not all of them, are nearly as bright 
as maximum two or three weeks before and after the 
dates for maximum. The data given include, in 
order, the day of the month near which the maximum 
should occur, the star name, the star designation 
number, which gives the rough right ascension (first 
four figures) and declination (bold face if southern), 
and the predicted magnitude. 
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| ONE QUALITY=-1/20 WAVE 


of the size listed. Add 10% 


Mirror Size 
| 6-inch £/9 
8-inch £/8 
10-inch f/8 or f/7 
1214-inch £/8 or £/7 


Flat Size Price 
14” $ 95.00 
14” 155.00 
134” 255.00 
2” 395.00 


Retouching of defective mirrors, f/5 to £/10: 60% of prices above. In 


The finest optics, as well as mediocre or poor ones, never wear out, but each 
kind tells you its story every minute you observe with it over the years ahead. 


1/20=-WAVE PARABOLOIDAL MIRRORS 


The new mirror price includes aluminizing, as well as a 1/10-wave diagonal mirror 
for nonstandard focal ratios from f/5 to f/12. 





| sending mirrors for retouching, include also your flat; if defective in figure but 
| otherwise suitable, it will also be corrected, at no extra charge. 
} 


arrangement. If full payment is included with order, a 2% discount may be 


| taken. 


less mountings. 


Terms: 14 with order, 14 when ready to ship, balance up to 6 months on | 
| 


Quotations on special curves or materials on request. We also offer telescopes 


| Write for free booklet, The Reflecting Telescope, for a practical discussion of 
why 1/20 wave #s necessary for the finest results, and also ways for obtaining the 


most from your reflecting telescope. 


{yeamk. voutln. Option 


1806 South Park St., Box 2053 
Madison 5, Wisconsin 
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| Does Santa know you want a UNITRON for Xmas? 


re 














UNITRON 6” AND 4” MODELS 





UNITRON 6” and 4” Model 166V. 


There are UNITRON 6” models priced from 
$5125 to $6075. Write for Bulletin 600. 


HOW TO ORDER A UNITRON 


Send check or money order in full or use our Easy Pay- 
ment Plan, as described below. Shipments made express 
collect. Send 20% deposit for C.0.D. shipment. 
UNITRON instruments are fully guaranteed for quality, 
workmanship, and performance, and must meet with 
your approval or your money back. 


Use Our EASY PAYMENT PLAN 


UNITRON’s popular Easy Payment Plan is a convenient 
and economical way to buy your UNITRON Refractor 
when you do not want to disturb your savings or when 
you haven’t the total cost of the telescope immediately 
available. The down payment required is 10%. The 
balance due is payable over a 12-month period, and 
there is a 6% carrying charge on the unpaid balance. 
Your first payment is not due until 30 days after you re- 
ceive the instrument, and if you should want to pay the 
entire balance due at that time, the carrying charge is 
canceled. (6’’ models available on special plan.) 


NOW is definitely the time to reserve a 
UNITRON for that very special person on 
your Christmas list who perhaps may be none 
other than yourself. Precision craftsmanship 
cannot be hurried and the number of UNI- 
TRONS which Santa will have available is 
necessarily limited. To avoid disappointment, 
order your UNITRON now. Full payment or 
the down payment may be made at the time 
you wish to have the telescope delivered. 


Remember, there is no substitute for a 

UNITRON. 
MANY Models To Choose From! 

1.6 ALTAZIMUTH ($7.50 Down) $75 
with eyepieces for 78x, 56x, 39x 

2’ SATELLITE ($7.50 Down) 6x, diagonal $75 
eyepiece, altazimuth mount with circles, stand 

2.4" ALTAZIMUTH ($12.50 Down) $125 
with eyepieces for 100x, 72x, 50x, 35x 

2.4 EQUATORIAL ($22.50 Down) $225 
with eyepieces for 129x, 100x, 72x, 50x, 35x 

3’ ALTAZIMUTH ($26.50 Down) $265 
with eyepieces for 171x, 131x, 96x, 67x, 48x 

3’ EQUATORIAL ($43.50 Down) $435 
with eyepieces for 200x, 131x, 96x, 67x, 48x 

3’ PHOTO-EQUATORIAL ($55.00 Down) $550 


with eyepieces for 200x, 171x, 131x, 96x, 67x, 48x 


4° ALTAZIMUTH ($46.50 Down) with $465 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x 
4’ EQUATORIAL ($78.50 Down) with $785 


eyepieces for 250x, 214x, 167x, 120x, 83x, 60x, 38x 
4’ PHOTO-EQUATORIAL ($89.00 Down) with $890 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x, 38x 
4” EQUATORIAL with clock drive $985 
($98.50 Down), Model 160V, eyepieces as above 
4’ EQUATORIAL with clock drive and metal $1075 
pier ($107.50 Down), Model 166V, eyepieces as above 
4’ PHOTO-EQUATORIAL with clock drive and $1175 
Astro-camera ($117.50 Down), with eyepieces 
for 250x, 214x, 167x, 120x, 83x, 60x, 38x, 25x 
4" PHOTO-EQUATORIAL with clock drive, pier, $1280 
Astro-camera ($128.00 Down), with 10 eyepieces 








New UNITRON View Finders 











UNITRON’s popular view finders with newly designed optics and mechanical features are better than ever. 
From left to right: 23.5-mm., 30-mm., 42-mm. 


1. VIEW FINDER (Used on UNITRON 2.4’ Equatorials): 
23.5-mm. (.93’’) achromatic objective, 6x eyepiece with 
crosshairs. Chromed brass tube. Mounting brackets with 


centering screws. Onl $8.50 ostpaid 
y postp 


2. VIEW FINDER (As used on UNITRON 3” Refrac- 
tors): 30-mm. (1.2) coated achromatic objective and 
8x eyepiece with crosshairs. Other details as in View 


Finder 3. Only $10.75 postpaid 


3. VIEW FINDER (As used on UNITRON 4” Refractors): 
42-mm. (1.6’‘) coated achromatic air-spaced objective. 
10x eyepiece with crosshairs. Duralumin tube finished 
in white enamel. Dewcap. Furnished with mounting 
brackets, centering screws for collimation, and mounting 
screws. This finder measures approximately 16’ over- 
all. It is light in weight, compact and small enough for 
use as a hand telescope furnishing spectacular wide-field 


views of the sky. 
Only $18.00 postpaid 


INSTRUMENT DIVISION OF 
UNITED SCIENTIFIC COMPANY 


204-206 MILK STREET - BOSTON 9, MASSACHUSETTS 





Note These UNITRON Features 


@ LENSES are FULLY CORRECTED for spherical and 
chromatic aberration and are COATED for maximum bril- 
liance and clarity of image. Optics especially designed 
for astronomical observation. AIR-SPACED OBJECTIVES. 


@ REFRACTOR type of design duplicates the perform- 
ance of larger telescopes of other types. No mirrored 
surfaces to become oxidized. Superior definition to the 
very edge of the field. 


@ EYEPIECES of the HIGHEST QUALITY: Orthoscopic, 
Achromatized Symmetrical, Kellner, Huygens. Three to 
ten eyepieces included with each instrument. 


@ FINEST MATERIALS used throughout. DURALUMIN 
TUBE. Moving parts of BRASS carefully machined to 
close tolerances, and finished in CHROMIUM. No war- 
surplus components used. 


@ MODERN DESIGN based on time-tested engineering 
principles. HANDSOME APPEARANCE to which no illus- 
tration can do justice. 


@ EQUATORIAL MODELS have slow-motion controls for 
both declination and right ascension as well as con- 
venient clamps on both axes. Sturdy TRIPOD (or PIER). 


@ ALTAZIMUTH MODELS have slow-motion controls for 
both altitude and azimuth as well as clamps for both 
co-ordinates. Sturdy TRIPOD. 


@ VIEW FINDER with crosshair eyepiece. 
@ RACK-AND-PINION FOCUSING. 


@ Choice of UNIHEX Rotary Eyepiece Selector or STAR 
DIAGONAL and ERECTING PRISM for TERRESTRIAL OB- 
SERVATION. The same complete range of terrestrial 
magnifications as for celestial observation. 


@ SUNGLASS for solar observation. 


@ ADDITIONAL ACCESSORIES available to add further 
to your observing pleasure. 


Higher- and lower-power eyepieces available for 
all models. Prices include basic accessories, tripod 
and mounting, fitted wooden cabinets, and operating 
instructions. 


e and Catalog on 


Observer's Guid 





This valuable 38-page book 
is yours for the asking! 


With artificial satellites already launched and space 
travel almost a reality, astronomy has become today’s 
fastest growing hobby. Exploring the skies with a tele- 
scope is a relaxing diversion for father and son alike. 
UNITRON's handbook contains full-page illustrated 
articles on astronomy, observing, telescopes and acces- 
sories. It is of interest to both beginners and advanced 
amateurs. 







Contents include — 


e Observing the sun, 
moon, planets and 
wonders of the sky 


Constellation map 

Hints for observers 
Glossary of telescope terms 
How to choose a telescope 
Amateur clubs and research 
programs 






INSTRUMENT DIVISION of UNITED SCIENTIFIC CO. 
204-206 MILK STREET * BOSTON 9, MASS. 





Please rush to me, free of charge, UNITRON's new Observer's 








Guide and Telescope Catalog 20-w. 

| Mame — ] 
Street A eee 
City State ee | 
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SOUTHERN STARS 


The sky as seen from latitudes 20° to 
40° south, at 11 p.m. and 10 p.m., local 
time, on the 6th and 22nd of January, 








respectively; also, at 9 p.m. and 8 p.m. 
on February 6th and 2Ist. For other dates, 
add or subtract 4 hour per week. 

Fifteen Ist-magnitude stars are above 
the horizon at latitude 30° south at chart 
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time. Fomalhaut is just setting in the 
southwest, while Regulus is climbing the 
sky in the east. Orion, a summer constel- 
lation south of the Tropic of Capricorn, 
is almost on the meridian. 
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7 respectively; also, at 7 p.m. and 6 p.m.on Way is an inspiring sight. Locate the 

a December 7th and 22nd. For other dates, bright constellations in it: Auriga, Per- 

The sky as seen from latitudes 30° to add or subtract 4 hour per week. seus, Cassiopeia, Cygnus, and Aquila. Try 

50° north, at 9 p.m. and 8 p.m., local Running from east to west and crossing also Lacerta, little Delphinus, Sagitta, 
time, on the 7th and 22nd of November, overhead this month, the northern Milky and the faint stars of Vulpecula. 
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HOW TINSLEY DEVELOPED 
TWO TELESCOPES IN ONE 
FOR B. Y. U. 


When Brigham Young University’s Astronomy Depart- 
ment assigned Tinsley Laboratéries to design and manu- 
facture a new telescope for the University, they asked 
for an instrument that would perform two distinct jobs: 
1) student instruction and visual use; 2) wide field pho- 
tography for advanced research. 


Tinsley combined both functions in a single powerful 
instrument for BYU: a custom-designed 24-inch reflec- 
tor telescope with a Baker photographic corrector. 


The basic Newtonian-Cassegrain design with a 24-inch- 
diameter f/4 main mirror fulfills BYU’s requirements for 
visual instruction. The Cassegrain, which is f/15, has 
complete skylight shielding. 


With the Baker photographic corrector the telescope per- 
forms its second job with unusual versatility. The cor- 
rector pérmits photography of a seven degree field—a 
picture equal in width to 14 full moon photos laid side- 


by-side! 


BYU's telescope, now in operation at Provo, Utah, is an 
example of the precision craftsmanship and exacting 
specifications which have built Tinsley’s reputation as 
the leader in custom optical instrumentation. 
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TINSLEY 


LABORATORIES, INC. 
2526 Grove Street, Berkeley 4, Calif. 
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are FOREMOST; in our production 


We point with pride to the fact that we have installed more than fifty 
major and dozens of smaller ASTRO-DOMES in most of the United States, 
the Arctic, Antarctic, and five foreign lands. In addition, ASTRO-DOME 
has developed a whole new concept of dome design, from the rotating 
mechanism to the labyrinth seal shutters, which are now standard on all 
ASTRO-DOMES. Our engineering department has recently completed 
exciting new designs which are now in production. Write and EZ 
find out how ASTRO-DOME can meet your requirements \ 
in the new space age. 


write for | 


Brochure today 


ee aot MANUFACTURERS OF ASTRONOMICAL OBSERVATORY DOMES. 
1801 BROWNLEE AVE. N. E. CANTON 5, OHIO Phone GL. 4-2758 | 
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- . . é Johnny abandoned his 24” e 
The shadows that shiver and shake on the TV screen are shivering and shaking in tor thie 2.4" Unitron “ase 


somebody else's living room tonight. Johnny has discovered something new. complete with its handy, handsome, 


He's traded the fleeting, flickering ‘‘thrills’’ of the 24 inch screen for the easily pertene carrying Cae. 


timeless excitement and majesty of the night sky. 

He’s traded the nervous rattle of the private eye’s gun for a ringside seat at 
the stupendous nightly fireworks in the heavens. 

He has, in short, discovered astronomy. 

Nothing better could happen than what happened to Johnny. And it happened simply 
because someone took the trouble to awaken, nourish and satisfy a lifetime of curiosity 

: This is a close-up of the Unihex 

in Johnny by making him the gift of a fine telescope. Johnny is using. It’s 6 eyepieces 


Someone, not so long ago, gave Johnny a Unitron. in one, an exclusive with Unitron. 
One of a complete line of accessories 


UN/ 7. O to multiply your viewing pleasure. 4 ” ’ 
N INSTRUMENT DIVIStON OF UNITED SCHENTIFIC CO 204-206 MILK STREET, BOSTON 9, MASS 


SEE PAGES 62 AND 63 FOR MORE ABOUT UNITRON. 












